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The Anatomical Types of Atrial Septal Defect. Their Incidence and Clinical Diagnosis 
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A review of the anatomical types of atrial septal defects in a series of 180 operated patients is presented. 
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This is a detailed analysis of the anatomic and clinical features of nine patients with combined atrial and 
ventricular septal defects and five with persistent A-V canal. The difficulty in differentiating among 
these lesions is stressed. But, at times, the differential a may be made with the aid of catheteriza- 
tion data and selective angiocardiography. 


Surgical Management of Persistent Common Atrioventricular Canal 
F. Henry Exuis, Jr., Dwight C. McGoon JoHn W. KirKLIn 


This is a review of the surgical considerations relating to persistent A-V canal based on the operative re- 
sults in sixty-six patients. In the partial form of this malformation, the mortality rate was 4.2 per cent 
but attempts at repair of the complete form resulted in a 66.7 per cent mortality. 


Results of Surgical Treatment of Atrial Septal Defects. Particular Consideration of 
Low Defects Including Ostium Primum and Atrioventricular Canal 
DenTON A. COOLEY 


This review of results of surgery in 191 patients with various forms of atrial septal defects emphasizes the 
relative safety of ‘‘open heart’’ repair in the large number of secundum defects reported and the greater 
risk in a smaller series of patients with ostium primum defects. The prognostic importance of the age of 
the patient and the presence of significant pulmonary hypertension is stressed. 


5 


Contents continued on page 7 


565 


568 


575 


589 


598 


605 


4 

~ Kage 
{ 

| 
ig 
> 
bey 
Py 

|| 

q 

. 
| 

A 


prevents anginal pain** 
a r a @ increases exercise tolerance*** 
reduces nitroglycerin requirements*” 


A potent regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
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The Surgical Repair of Persistent Atrioventricular Canal. Results in Twenty-Six 
OperativeCases . . . . . . . Cx. Dusost AND PH. BLONDEAU 


The anatomical variations and results of surgery in twenty-six patients with various forms of persistent 
common A-V canal are described. The mortality rate (six deaths) is comparable to that of other groups 
reporting in this symposium. 


Persistent Atrioventricular Canal. Surgical Experiences 
CLARENCE CRAFOORD AND AKE SENNING 


The surgical technics are discussed in this review of sixteen patients operated upon for persistent A-V 
canal. Although the over-all mortality was 37.5 per cent, the greater degree of success with the more 
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Clinical Studies 


A Myocardial Syndrome. With Particular Reference to the Occurrence of Sudden 
Death and of Premature Systoles Interrupting Antecedent T Waves 
F. Horace SmirK AND Davip G. PALMER 


The authors describe the electrocardiograms of eighty patients showing the frequent occurrence of rela- 
tively early premature systoles interrupting the T wave of the preceding complex. This electrocardio- 
graphic finding may be seen ina variety of pathologic states affecting the myocardium. The authors be- 
lieve that it may be associated with myocardial damage and sudden death. 


Heart Sounds and Murmurs in Arterial Hypertension 
Tuomas C. PucHNER, JoHN H. Hyuston AND GEORGE A. HELLMUTH 


In this detailed analysis of the phonocardiograms (recorded in some with band-pass filters and additional 
amplification) and auscultatory findings of forty-three patients with arterial hypertension, the frequent 
appearance of third and fourth heart sounds is stressed. Additional findings include the presence of a 
low-frequency apical presystolic murmur, apical and aortic systolic murmurs and a basal diastolic mur- 
mur suggestive of aortic insufficiency. The latter was not associated with the hemodynamic alterations 
of aortic insufficiency and was not related to the level of the blood pressure. 


Reviews 


Evaluation of Enzyme Tests in the Diagnosis of Heart Disease 
CLARENCE M. AGREss AND JOHN H. C. Kim 


In this extensive review of alterations in serum enzymes in heart disease with particular reference to acute 
myocardial infarction, the high correlation between SGO-T elevation and clinical- and autopsy-proved 
infarction is again demonstrated. Of interest are the reports of elevation of this serum enzyme in other 
conditions, among which are pericarditis, pulmonary infarction, pancreatitis and dissecting aneurysm 
The prognostic significance of very high serum levels of SGO-T is also emphasized. 
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“‘,.-plus a smooth sustained clinical result 
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Pentritol Tempules given every 12 hours 
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mitigated pain, and increased the capacity 
for physical activity. Patients previously 
taking PETN in tablets with little progress, 
responded favorably to Pentritol Tempules.? 
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Coarctation of the Abdominal Aorta. Review of Twenty-Seven Cases 
KALEvi1 PyGRALA, OLLI HEINONEN, PENTTI KOskFLO AND PER-ERIK HEIKEL 650 


Based on this well-studied case and a thorough review of twenty-six other reported cases of coarctation of 
the abdominal aorta, the authors discuss the various anatomical varieties, the clinical features and the 
possibilities of surgical therapy. 
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A Modification of the Vasodilatation Test 
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A modification of measurement of the blood flow by the vasodilatation test is described. Heating the 
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A clinicopathologic study of a forty-two year old woman who died with metastatic leiomyosarcoma in- 
volving the heart three years after the primary tumor of the myometrium had been removed. 


The Low Salt Syndrome. An Extreme Example in Heart Failure 
Mary LoutsE LAROTONDA AND WILLIAM J. GRACE 676 


This report emphasizes that the hyponatremia of hemodilution is part of the clinical picture of congestive 
heart failure and is not to be confused with the low salt syndrome due to salt depletion. 


An Unusual Congenital Heart Anomaly. Tricuspid Atresia, Aortic Atresia and 
Juxtaposition of Atrial Appendages 
StyLianos G. FRAGOYANNIS AND DONALD NICKERSON 678 


This report describes an unusual congenital heart anomaly of the cyanotic type in which tricuspid atresia, 
aortic atresia and juxtaposition of the atrial appendages were found at postmortem examination. 
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readily tolerated 


almost every patient 
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one dose g.12h. maintains effective uniform 
blood levels in cardio-pulmonary conditions 
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aminophylline may now avoid gastric irri- 
tation when you prescribe Dura-Tab S.M. 
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of this sustained-action aminophylline con- 
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one dose q. 12 h. (1 to 2 Dura-Tab S.M. Amino- 
phylline) to adults maintains effective blood 
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worker in the field of cardiovascular disease to submit abstracts of scientific work 
for selection for presentation at the Annual Meeting of the American College 
of Cardiology to be held in New York City at the Biltmore Hotel from May 17 to 
May 20, 1961. Such abstracts must be submitted on or before February 1, 
1961 to: Grorcr C. GrirritH, M.p., Chairman, Program Committee, Uni- 
versity of Southern California, School of Medicine, 1200 North State Street, Los 
Angeles 33, California, P.O. Box 25. 
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ENCOURAGING NEWS 
ANGINAL THERAPY 


Reporting on extensive clinical trial of ISORDIL, 
a group of important investigators found 
“impressive improvement in 67% of patients..., 
favorable response in a total of 75%. 


1. Fisch, S., Boyle, A., Sperber, R., and DeGraff, A. C. 


In their thoroughly documented report on 60 angina patients studied by open 
clinical trial, Fisch, Boyle, Sperber, and DeGraff found improvement in 75% of 
patients; 18% did not respond. Minor side reactions (mostly headache) hindered 


evaluation in only 7% of the patients treated. 


Average Dosage Low, 
but Individualization Required 


Average effective dose of ISORDIL was 10 
mg. q.i.d.; 26% of patients received higher 
doses, 16% lower doses. Of all patients, 
87% received and tolerated 5to 15mg. q.i.d. 


Headache Commonest Side Effect, 
Easily Relieved 


Although headache occurred initially in27% 
of patients studied, it caused discontin- 
uance of ISORDIL in only 4 patients. Con- 
tinued therapy, adjustment of dosage, or 
use of acetylsalicylic acid relieved headache 
in all other cases. 


cAMERON COMPANY New York 16, New York 


p/ wena and Professional Samples Available on Request. 


tsosorbide Dinitrate, ives 


Other Studies Confirm Results, 
Establish Additional Benefits 


Maintenance of active coronary vasodila- 
tation by ISORDIL, as shown by Leslie,” 
Albert? and Fremont,‘ virtually eliminates 
periods of unprotection. Benefits are ap- 
parent as early as 15 minutes, persist for 
at least 4 hours. No lag in onset. . . impor- 
tant during early morning and postprandial 
stress. 


References: 1. Fisch, S., Boyle, A., Sperber, R., and 
DeGraff, A.C.: Presented at the annual meeting of the 
American Therapeutic Society, Miami Beach, Florida, 
June 10, 1960. To be published. 2. Leslie, R.: Sub- 
mitted for publication. 3. Albert, A.: In Manuscript. 
4. Fremont, R.E.: To be published. 
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FOR ANGINA 


Nitroglycerin is the drug of 
choice for the ACUTE ATTACK 


RDILATE’ 


may well be chosen for 
PROLONGED PROPHYLAXIS 


“...the magnitude of the response to 15 mg. [‘Cardilate’] was 
comparable to that following nitroglycerin....The comparatively 
prolonged duration of action of erythrol tetranitrate when given 
sublingually makes it especially valuable for clinical use.” 


“Nitroglycerin and erythrol tetranitrate when administered sub- 
lingually are among the most potent of all prophylactic agents 
available for the treatment of patients with angina pectoris.” 


“Erythrol tetranitrate exhibits an inherent long-acting vasodilat- 
ing effect. Therefore it is the drug of choice in angina pectoris.” 


Erythrol Tetranitrate Sublingual Tablets 


5 mg., scored 


15 mg., scored 


Bottles of 100 tablets. 3. Hirshleifer, I., et al.: Scien- 
tific Exhibit, A.M.A., Atlantic 


Complete literature available on request. City, N. J., June, 1959. 


F 2. Russek, H.I.: Circulation 
18:774 (Oct.) 1958. 


BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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|. you get these results in case after case of edema 


3 
' 
be 
\ 
3 
on 
4 


hospitalized 5 pounds lost in 4 
patient with days; 4+ pitting 
congestive cleared : hepatic 
congestion and 


heart failure  vhles cleared; 
f patient ambulatory 


blood pressure 
reduced from 
214/110 to 
180/94 mm. Hg Wes 
within 7 days with Be: 
Esidrix (and 
Singoserp); pitting 
edema cleared 


office patient 
treated for 
pedal edema 
and persistently 
high diastolic 
pressure 


124% pounds lost 

in 13 days; basilar 
rales and ascites 

no longer present; 
pitting edema of legs 
and feet cleared 


private patient 
with congestive 
heart failure; 
ascites and 

4+ edema 

to the knee 


hospitalized 27 pounds lost in 
patient with 19 days; abdominal 
Laennec’s swelling and 
cirrhosis pedal edema cleared 


Photos used with 
permission 
of the patients 
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marked benefits in 
patient after patient with 
edema and hypertension 
plus built-in 

potassium protection 


¢ ESIDRIX-K provides all the oral diuretic-antihypertensive benefits of 
Esidrix, plus a generous potassium supplement. 


e Three tablets supply 75 mg. Esidrix plus potassium 
equivalent to a quart of fresh orange juice. ESIDRIX-K 
is coated to prevent gastric irritation. 


¢ In edema, Esidrix produces marked salt and water excretion with only 
minimal potassium excretion. With ESIDRIX-K, the built-in supplement 
further helps eliminate problems due to potassium loss. 


¢ In hypertension, ESIDRIX-K alone or with other antihypertensive 
drugs significantly reduces blood pressure in many patients. 


¢ ESIDRIX-K may be effective in patients refractory to chlorothiazide. 


e Many hypertensive patients can be maintained on only 1 ESIDRIX-K 
tablet per day. 


Complete information sent on request. 


Supplied: Esidrix-K Tablets (white, coated), each containing 25 mg. Esidrix and 500 mg. 
potassium chloride; bottles of 100. Esidrix Tablets, 25 mg. (pink, scored) and 50 mg. 
(yellow, scored). 


ESIDRIX® (hydrochlorothiazide CIBA) 


All patients shown at left were treated with Esidrix. Esidrix-K is 


especially indicated for patients in whom even moderate potas- ) 
sium loss can cause complications, or those whose condition =i BA 
predisposes to hypokalemia. Among candidates for Esidrix-K SUMMIT, NEW JERSEY 


are patients taking digitalis for congestive heart failure, those 
with renal or liver disease, those under long-term treatment, and 
those on salt restricted diets. 2/2040me 
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The revolutionary MARCONI IMAGE AMPLIFIERS are being 
introduced for the first time on the North American Continent. 

SCREENING WITHOUT DARKNESS by the use of a 12” 
FLAT SCREEN is an entirely new approach to the problem of 
improving the information factor of fluoroscopic images. The use 
of the television image orthicon tube opens up enormous fields of 
application. 


THE MARCONI IMAGE AMPLIFIER IS SIMPLE TO OPERATE... 


Amplifier will operate four monitors at the same time. 
Useful for consultations and in teaching hospitals. 
The cine camera facility makes it possible for the 
first time to produce continuous record of the large 
fluoroscopic image at doses tolerable to the patient. 
Cine recording is done by using fluoroscopic Ma... 
can be used on 16 or 35 m.m. films as well as 100 m.m. 
spot films. 


e@ Simultaneous fluoroscopy and recording. 
@ Fine grain 24 ASA film is used. 
e Amplifier can be attached to any standard X-Ray table. 
e TV circuitry is 1034 line triple interlaced. PLEASE WRITE TO 
@ Orthicon lens 0.68. 
Box 306 In Canada 
Gracie Station 261 Davenport Rd. 
COMPLETE DETAILS WILL BE SENT ON REQUEST. New York 28, N.Y. Toronto 5, Ontario 
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Announcaing...a new agent for lysis of 


VASCULAR 


Le. 


THROMBOLYSIN, supplemented by anticoagulant therapy, can greatly reduce mor- 
tality and morbidity in thrombophlebitis, phlebothrombosis, pulmonary embolism, and 


certain arterial thrombi.* Recently formed clots are lysed rapidly, usually in 24 hours. 


FIBRINOLYSIN, HUMAN 


to lyse thrombi 
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early use greatly reduces morbidity and 
mortality in thrombophlebitis, phlebothrombosis, 
pulmonary embolism, and certain arterial thrombi 


FIBRINOLYSIN, HUMAN 


Clot may form 
permanent 
obstruction to 
blood flow. New 
clots may form. 


| Effect on intravascular thrombi 


Sudden death from 
pulmonary embolism 
is an ever-present 
hazard. One or more 
nonfatal pulmonary 
emboli may result in 
irreversible lung 
damage or secondary 


| 

l Effect on pulmonary emboli 
! 

| pneumonia. 


Weeks of 
hospitalization or 

bed rest at home are 
commonly required 

in the management 

of thrombophlebitis, 
phiebothrombosis, 
pulmonary embolism, 
and arterial thrombosis. 


Effect on duration of 
illness and convalescence 


Chronic leg swelling, 
severe secondary 
varicose veins, and 
leg ulcers are 
common sequelae. 


| Frequency and severity 

| of postphiebitic syndrome 
| 
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~ Anticoagulant + Bed rest THROMBOLYSIN + Anticoagulant + Bed rest é 
: Recently formed 
| intravascular clots 
formed clot | are lysed and the | 
However. they hel | formation of new 
clots is inhibited. 
prevent its extension | Circulation is 
new clots | tained, with rapid 
| symptomatic relief. | 
| 
severity of pulmonary 
The careful use of | emboli are greatly | 
anticoagulants reduced since | 
THROMBOLYSIN acts | 
pe | to remove thrombi 
pulmonary emboli. before they can 
| become emboli. | 
| 
| 
| 
A striking reduction 
Thromboembolic | is observed in the 
illness and | duration of hospital 
are shortened. | convalescence. 
| 
| 


Postphlebitic 
complications are 
prevented or 
greatly minimized. 


The incidence and 
severity of the 
postphlebitic 
syndrome are 
reduced. 
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What is THROMBOLYSIN ? 

THROMBOLYSIN is Fibrinolysin, Human. It is prepared by activating the profibrino- 
lysin-rich Fraction III — 3 of pooled human plasma with highly-purified streptokinase 
and then lyophilizing it. THromsorysin helps restore the natural equilibrium 
between clot formation and clot lysis, thereby enhancing the ability of the blood 
to maintain normal flow. 


In What Conditions is it Indicated? 


THROMBOLYSIN is indicated in thrombophlebitis, phlebothrombosis, pulmonary embo- 
lism, and certain arterial thrombi. 


*(NoTE: Successful lysis of thrombi of major cerebral vessels has been reported. 
However, additional experience is required to define the indications and contra- 
indications of therapy in such patients. THROMBOLYSIN has also been admin- 
istered to patients with acute myocardial infarction, but the scope of this work 
is still too limited to permit conclusions about its safety or benefit.) 
When Should Therapy be Initiated? 
Treatment with THROMBOLYsIN should be started as soon as possible after a thrombus 
has formed. Blood clots begin to organize shortly after formation and may become 
encased in a layer of endothelial cells, making them resistant to the action of 
THROMBOLYSIN. Usually, more rapid lysis can be expected to take place when treat- 
ment is initiated within five days after a thrombus has formed; however, in some 
cases successful lysis has been accomplished when treatment was not initiated for 
several weeks after thrombus formation. 


Can THROMBOLYSIN be Given to Patients 

Being Treated with Anticoagulants? 

Yes. Patients who have been on anticoagulant therapy can be expected to improve 
when THROMBOLYsIN is added to their program of treatment. 

Does THROMBOLYSIN Increase the Incidence of Embolism? 

Clinical studies indicate that it does not. In fact, if any evidence of embolization 
should appear, it is important to continue THROMBOLYsIN until symptoms have 
disappeared. 

W hat is the Dosage? 


The dosage most frequently used by investigators has been 4 vials (200,000 MSD 
units) per day by intravenous infusion. This is usually administered by giving 1 
vial per hour for 4 consecutive hours. Alternatively, 1 vial (50,000 MSD units) per 
hour may be given for 2 consecutive hours and repeated in 3 to 6 hours. The dosage 
range is 1 vial (50,000 MSD units) to 2 vials (100,000 MSD units) an hour by intra- 
venous drip, for 1 to 6 hours, depending on the nature of the clot and the response 


Vascular thrombi 
can now be 
treated rapidly 
by a new agent 


For additional information, see package circular or write to Professional Services, Merck Sharp & Dohme, West Point, Pa. 
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of the patient. Most patients respond in one day; those who do not may require 

additional doses for three or four successive days. 
Patients not under active treatment with anticoagulants at the time of 
the thromboembolic episode: 
New clot formation is unlikely to occur during the administration of 
‘THROMBOLYSIN, so that anticoagulants may be unnecessary in this period. 
However, the fibrinolytic activity of THROMBOLYsIN persists only 3 to 4 
hours after cessation of infusion; in patients subject to thrombosis, provi- 
sion should be made to provide adequate therapeutic anticoagulant effect 
at this time. 
Patients under active treatment with anticoagulants: 
Within recommended dosages, THROMBOLYSIN produces only minor 
alterations in the clotting mechanism: the prothrombin time is generally 
increased by only a few seconds, the Lee-White clotting time by only | to 4 
minutes, and the fibrinogen levels generally decrease by about 30 percent of 
control values. In themselves, these alterations are probably of no clinical 
significance. In patients on concurrent anticoagulant therapy in whom 
the clotting mechanism is depressed to midtherapeutic levels, the small 
additional depression due to THROMBOLYsIN should produce no added 
danger; however, the addition of THROMBOLYSIN may be hazardous when 
the therapeutic anticoagulant level already threatens to exceed safe limits. 


W hat Other Precautions are Necessary? 

THROMBOLYSIN is contraindicated in the presence of a hemorrhagic diathesis or hypo- 
fibrinogenemia. Fibrinolytic activity usually increases spontaneously for a short 
period after anesthesia or surgery. Therefore, THROMBOLYsIN should be used with 
caution because lysis of the clots at the operative site may occur. 

Bleeding from open wounds or recent operative sites can occur during 
therapy. Usually this has been observed only in patients receiving both an anti- 
coagulant and THROMBOLYsIN. In such cases, the bleeding was controlled by the use 
of plasma or whole blood transfusions. A specific antagonist to the anticoagulant 
may also be used. 

W hat Side Effects May Occur? 

Febrile reactions may occur, but these are rarely severe. When they do occur, the 
temperature usually rises rapidly to a peak, then returns to normal within 24 hours. 
In some patients, a rise in temperature above 1.5 to 2 degrees F. is accompanied by 
chills, nausea, vomiting, dizziness, headache, muscle pain, back pain, tachycardia, 
or hypotension. 

How is it Supplied? 100-cc. vials containing 50,000 MSD units. 


to lyse thrombi 


FIBRINOLYSIN, HUMAN 


@D MERCK SHARP & DOHME, DIVISION OF MERCK & CO,, Inc, WEST POINT, PA. 


SIN IS A TRADEMARK OF MERCK 4 CO., INC. 


ey 
© 
+ 
|: 
‘ 
PES 
ae 
q 
=>» 
Se 
|) 
Le 
4. 


mfor a smoothm 
downward curve 


New Rautrax-N results in prompt lowering of blood pres- 
sure.’ Rautrax-N, a new and carefully developed antihyper- 
tensive-diuretic preparation, provides improved therapeutic 
action! plus enhanced diuretic safety for all degrees of essen- 
tial hypertension. A combination of Raudixin and Naturetin, 
Rautrax-N facilitates the management of hypertension when 
rauwolfia alone proves inadequate, or when prolonged treat- 
ment, with or without associated edema, is indicated. 
Naturetin, the diuretic of choice, also possesses marked 
antihypertensive properties, thus complementing the known 
antihypertensive action of Raudixin. In this way a lower 
dose of each component in 
Rautrax-N controls hyper- 
tension effectively with 
few side effects and Hm = 
of safety. 
1-16 


Other advantages are a balanced electrolyte pattern!16 and 
the maintenance of a favorable urinary sodium-potassium 
excretion ratio.2-16 Clinical studies'5 have shown that the 
diuretic component of Rautrax-N—Naturetin—has only a 
slight effect on serum potassium. The supplemental potas- 
sium chloride provides additional protection against potas- 
sium depletion which may occur during long term therapy. 


Rautrax-N may be used alone or in conjunction with other 
antihypertensive drugs, such as ganglionic blocking agents, 
veratrum or hydralazine, when such regimens are needed 
in the occasionally difficult patient. 


Supply: Rautrax-N—capsule-shaped tablets providing 50 

mg. Raudixin (Squibb Rauwolfia Serpentina Whole Root) 

and 4 mg. Naturetin (Squibb Benzydrofiumethiazide), with 
400 mg. potassium chloride. 

Dosage: Initially-1 to 4 tablets daily after meals. Mainte- 

nance- 1 or 2 tablets daily after meals; maintenance dosage 

may range from 1 to 4 tab- 

lets daily. For complete in- 

structions and precautions 

3 see package insert. Litera- 

ture available on request. 


2 : References: 1. Reports to the Squibb 
Institute, 1960. 2. David, N.A.; 
E Porter, G. A., and Gray, R. H.: Mono- 
graphs on Therapy 5:60 (Feb.) _— 
3. Stenberg, E. S., Jr.; Benedetti, A 
f 4 = and Forsham, P.H.: Op. cit. 5:46 
: = (Feb.) 1960. 4. Fuchs, M.; Moyer, J. 
Fe H., and Newman, B. E.: Op. cit. 5:55 
—* (Feb.) 1960. 5. Marriott, H. J. L., and 
fm Schamroth, L.: Op. cit. 5:14 (Feb.) 
1960. 6. Ira, G. H., Jr.; Shaw, D. M., 
and Bogdonoff, M. D.: North Carolina 
M. J. 21:19 (Jan.) 1960. 7. Cohen, B. 
M.: M. Times, to be published. 8. 
A Breneman, G. M. and Keyes, J. W.: 
a Henry Ford Hosp. M. Bull. 7:281 
- : mum (Dec.) 1959. 9. Forsham, P. H.: 
e Squibb Clin. Res. Notes 2:5 (Dec.) 
1959. 10. Larson, E.: Op. cit. 2:10 
(Dec.) 1959. 11. Kirkendall, W. M.: 
Op. cit. 2:11 (Dec.) 1959. 12. Yu, P. 
N.: Op. cit. 2:12 (Dec.) 1959. 13. 
Weiss, S.; Weiss, J., and Weiss, B.: 
Op. cit. 2:13 (Dec.) 1959. 14. Moser, 
M.: Op. cit. 2:13 (Dec.) 1959. 15. 
Kahn, A., and Grenbiatt, |. J.: Op. cit. 
2:15 (Dec.) 1959. 16. Groliman, A.: 
Monographs on Therapy 
5:1 (Feb.) 1960. 
uibb Quality —the 
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and ‘MATURETIN’ ARE SQUIBB TRADEMARKS. 


The proved, effective antihypertensive— 
now combined with a safer, better Guuretic. 


Squibb Standardized Whole pn Rauwolfia Serpentina (Raudixin) 


*Naturetin) with Potassium Chloride 
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FIVE TIMELY BOOKS 


books by DAVIS 


Acclaimed at 1960 meetings! 


New! 


ARBEIT, RUBIN & GROSS’ 
DIFFERENTIAL DIAGNOSIS of 


THE ELECTROCARDIOGRAM 


Physicians have heartily applauded this entirely 
new and different method of presentation a 
brings a “cardiac consultant” ready to he 
reach an exact diagnosis from every ECe. 
Electrocardiography is taken up in a new work- 
ing plan that reflects the working plans of the 
cardiologist. You are brought a dependable 
guide that serves in three ways: 

1. Given an unknown electrocardiogram, this 
book leads to a specific electrocardiographic 
diagnosis. 

2. Given a correctly interpreted electrocardio- 
gram, it confirms the diagnosis and dis- 
cusses clinical implications. 

3. Given a clinical diagnosis, it describes the 
ECG patterns with which this may be as- 
sociated. 


Mendelson’s Cardiac Disease 
in Pregnancy 


NEW! Here is the book that demonstrates how the 
challenge of maternal mortality can be met when 
the specialties are usefully integrated. Dr. Men- 
delson covers every aspect—medical, surgical and 
obstetric—to show its application in the care and 
management of heart disease in pregnancy. 


By CURTIS LESTER MENDELSON, M.D., F.A.CSS., F.1.C.S., 
Director, Obstetric Cardiac Clinic, New York Lying-in-Hospital. 
404 pages, 142 illustrations. $13.50. 


Mail 
this 


() Bailey's Cardiac Surgery 


NOW! 


NAME 


First, you have a meaty summary of important 
basic principles. 'Then comes the extensive sec- 
tion that thoroughly covers DIFFERENTIAL 
DIAGNOSIS. It considers separately each 
isolated change in any portion of the ECG com- 
plex and proceeds from that abnormality to the 
combination of findings that leads to the diag- 
nosis. The ECG is given full clinical clarity! 


Lavishly Illustrated. There are 509 illustrations, 
with 402 electrocardiograms reproduced in sharp- 
est clarity. 


By SIDNEY R. ARBEIT, M.D., Associate Professor of Clinical 
Medicine, Seton Hall College of Medicine; IRA L. RUBIN, 
M.D., Lecturer in Medicine, Columbia University; HARRY 
GROSS, M.D., Assistant Clinical Professor of Medicine, Colum- 
bia University. 220 pages (9’ x 12’’), 509 illustrations, with 402 


electrocardiograms. $10.50. 


Bailey’s Cardiac Surgery 


partment oracic mann 
About 200 pages, ill cody, September, 1960. 


Lewis’ Cardiovascular Disease: 
1960-61 


By WILLIAM HALL LEWIS, JR., M.D., Consulti 
—. Doctors Hospital and Rockland State Hospi 
pages, illustrated. Ready September, 1960. 


Cardiol- 
. About 


Page’s Arterial Hypertension 


By IRVINE H. race. M.D., Director of Research lopelend 
Clinic Foundation. 40 pages, illustrated. In durable, flexi 
inding. $2.00. 


F. A. DAVIS COMPANY, 1914 Cherry Street, Phila. 3, Pa. 
Send at once and charge to my account: 


[_] Arbeit, Rubin & Gross’ Differential Diagnosis of the EGG, $10.50 
[-] Mendelson’s Cardiac Disease in Pregnancy, $13.50 


(_] Lewis’ Cardiovascular Disease, 1960-61 
(-] Page’s Arterial Hypertension, $2.00 


ADDRESS 


| 
| 
| 
coupon 
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CITY 


STATE 
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Elema-Schonander 


Two, three and 
four-channel units. 

High frequency response 
to 900 c/s. 

Six paper speeds. 


attachment, Electromano- 


4 
*% At Right are actual re- 
and three phonocardio- 
graphic curves, each taken 3 
through a different filter. 


Available through your local 
X-Ray dealers. 
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basic hypertension therapy 
lowest thiazide dosage 


basic approach with Naqua 


1. Use of Nagua as primary therapy for B.P. 
reduction in mild and moderate hypertension. 


2. B.P. stabilized with maintenance therapy for 
prolonged periods. 


Addition to Nagua of rauwolfia alkaloid, 
ydralazine, or ganglionic blocking agent, de- 
. ending on B.P. response and severity of hyper- 
nsion. 


For complete details on indications, dosage, administra- 
tion, precautions and contraindications consult 
Schering literature. 


trichlormethiazide 


special advantages of Naqua 


1. Nagua alone is adequate in many cases at 
dosages 1/100 of chlorothiazide (often 8 mg. 
a day initially, 4 mg. or less in maintenance)... 
maximum sodium diuresis, dependable B-P. 
response. 


2. Nagua has a favorable potassium excretion 
pattern, minimizing need for supplements... 
closely balances sodium and chloride excre- 
tion...* most economically priced for benefit of 
long-term patients. 


3. Nagua potentiates these adjunctive agents 
and markedly decreases dosage needs, helping 
to reduce side effects of these agents. 


Packaging: Naqua Tablets, 2 and 4 mg., scored, bottles 
of 100 and 1000. 


*Fuchs, M.: A review of the thiazide pharmacology, Paper pre- 
sented at Puerto Rican M. Soc., San Juan, Puerto Rico, Jan., 1960. 
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The American Journal of 


Cardiology 


of Cardiology. 
Official Organ of The American College 


Myocardial Infarction 


January 1958. 


Bach Issues Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL 
OF CARDIOLOGY 


will pay $1.00 per copy for 
the following issues: 


JANUARY 1960 


MARCH 1960 


Postpaid 


THE AMERICAN JOURNAL OF CARDIOLOGY, INC. 
1l East 36th Street New York 16, N. Y. 


trichlormethiazide 


lowest dosage, unexcelled 


activity for control of 


yper- 


S 
OD 
3 
: 
: 
™ 
| 
irs 
Send 
Be: 
| 
8-se3 


Originators and Sole Producers of a complete line of 
* Cardiac Catheters and Electrodes 


* Edwards’ Knitted and Woven Arterial Grafts and 
Bifurcations of Teflon® 


* Detergicide, for Cleaning and Disinfecting; Available as 
a Concentrated Solution 


Developed and approved in cooperation with the Medical Profession 


A Research and Experimental Department is 
Maintained for the development of Cardiac 
Instruments and Teflon Vascular Prostheses 
in collaboration with the Medical Profession. 


Send for Literature 


United States Catheter & Instrument Corp. 
Glens Falls, New York 


® Teflon is the trade name of E. I. du Pont de Nemours & Co., Inc., for its tetrafluorethylene resin and fiber. 


Visit Our Booths At The Conference On 
Prosthetic Valves For Heart Surgery, The 
Edgewater Beach Hotel, Sept. 9 & 10 And 
The American Heart Association, St. Louis 
Missouri, Oct. 21st Thru 23rd. 
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Vow 


Bound Volumes of 


The American Journal of Cardiology 


VOL. 1—JAN.-JUNE 1958 VOL. 3—JAN.-JUNE 1959 
VOL. 2—JULY-DEC. 1958 VOL. 4—JULY-DEC. 1959 


Permanently bound in sky-blue buckram with 
gold stamping, these quick-reference volumes 
make attractive and useful gifts for your hos- 
pital, medical school, colleagues or your 
own personal library 


| THE AMERICAN JOURNAL OF CARDIOLOGY 
| 11 East 36th Street, New York 16, N. Y. 


| Please send Bound Volumes (indicated below) of The | 
| American Journal of Cardiology to: 


| Name 
| Town State 
| Check choice 
| 0 Vol. 2 
| ol. 
| $10. 00 per Volume [0 Check Enclosed | 


trichlormethiazide 


lowers potassium ex- 
cretion, minimizes risk 
of digitalis toxicity in 


congestive 
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relieves hypertension...and reduces nasal congestion 


SANDRIL PYRONIL 
averts the most common side-effect of reserpine 


Although the nasal stuffiness commonly caused by reserpine prepara- 
tions is seldom serious, it may be bothersome enough to induce patients 
to cease therapy.! 

Clinical experience!? has revealed that the antihistamine, Pyronil, 
provides relief for approximately 75 percent of patients who experience 
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S ympostum on Persistent 


Atrioventricular Canal 


Introduction 


EMBRYOLOGY 


N the primitive heart, a canal separates the 
I auricle from the ventricle. Normally, this 
canal divides longitudinally (vertically) follow- 
ing the appearance of two cushions, one an- 
terior and one posterior, which progress toward 
each other, meet and fuse together. The sep- 
tum thus formed (intermediate septum) meets 
the interauricular septum above and joins the 
upper membranous portion of the interven- 
tricular septum below, dividing the primitive 
heart into right and left hearts. 

Simultaneously, another process occurs. On 
the right and left, cushions appear at the ex- 
tremity of the anterior and posterior cushions, 
respectively. When the two primitive elements 
of the intermediate septum unite, these cushions 
fuse and project longitudinally to form, on the 
right, the septal cusp of the tricuspid valve and, 
on the left, the larger cusp of the mitral valve. 
These two auriculoventricular valves are, there- 
fore, formed by the union of two primitive 
semivalves. Other cushions appear at the 
same level, on the lateral border of the auriculo- 
ventricular canal (one on the left, two on the 
right) and develop similarly to form the smaller 
mitral valve cusp on the left and the anterior and 
posterior cusps of the tricuspid valve on the 
right. This seems to be the embryological 
evolution of the two auriculoventricular orifices 
and their valvular system. 

The abnormal formation of the intermediate 
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septum is the essential anomaly in the develop- 
ment of this region. If the two vertical cushions 
do not meet, a hiatus results. The two lateral 
cushions they bear will not fuse. A further 
consequence is the lack of fusion of the two semi- 
valves, which normally would form the larger 
mitral valve cusp and the septal cusp of the 
tricuspid valve. A slit separating these two 
valves into two more or less deep and equal 
portions will occur. This process constantly 
affects the left side, whereas the right side may 
remain untouched. The two essential types of 
this malformation include: (1) the partial form, 
wherein the mitral valve alone is cleft and (2) 
the total form, wherein the tricuspid valve is 
also cleft. Both the mitral and tricuspid valves 
meet either in front or at the back. Each one 
forms a sort of common valvular band which 
projects from the right to the left ventricle, 
passing like a bridge above the interventricular 
septum. A sagittal hiatus will then divide 
throughout their length these two common 
auriculoventricular formations. 

This defect in the development of the inter- 
mediate septum occurs not only horizontally, 
but may occur also vertically. In the latter 
case, the intermediate septum can no longer 
meet the interauricular septum above; a defect 
will result at this site in the shape of a low atrial 
septal defect of the ostium primum type which, 
therefore, seems to spring not from a flaw in 
the development of the interauricular septum, 
but primarily from a faulty development of 
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the intermediate septum. A similar defect 
appearing below will determine a ventricular 
septal defect. 

It seems that the faulty development of the 
intermediate septum is the cause of the abnor- 
malities of the auriculoventricular orifices and 
their valvular system, on the one hand, and of 
the atrial septal defects of the ostium primum 
type, on the other. Therefore, persistent A-V 
canals are related to atrial septal defects of 
which they are but a special form. 


CLASSIFICATION OF DEFECTS 


A gamut of malformations deriving from the 
same embryological process may be encoun- 
tered: 

(1) An ostium primum defect, with the 
mitral valve alone being cleft, represents the 
partial form of atrioventricular canal. 

(2) An ostium primum defect with cleft 
mitral and tricuspid valves, represents the com- 
plete form of atrioventricular canal. 

(3) <A large variety of anatomical formations 
may connect together the two auriculoventric- 
ular bands of the complete form. These 
formations, in addition, are often attached to 
the upper border of the interventricular septum 


by aberrant cords or an irregularly perforated 


network of fibrous tissue. Although they 
originally had been grouped under the denom- 
ination of “intermediate forms,’ the present 
tendency of certain authors is to eliminate this 
additional division and to classify these mal- 
formations with the complete forms. 

(4) Similarly, all forms of interventricular 
communications lying below the valvular sys- 
tem would fall into the complete form of atrio- 
ventricular canal. 

(5) I shall not dwell upon the association of 
the numerous secondary anomalies affecting 
the development of a cleft valve, of the cords 
(their number, insertion, etc.) or on the unusu- 
ally fleshy aspect of defective valves. 

(6) Also to be noted is the frequent associa- 
tion of other defects, such as a second atrial 
septal defect of the ostium secundum type, a 
moderate pulmonary stenosis and patent ductus 
arteriosus. 

(7) Worthy of emphasis is that an isolated 
ostium primum defect seems to result from the 
process just described and is actually a minor 
malformation of this group. 

(8) A single auricle, being the cause of a tri- 
locular, biventricular heart, may take the shape 
of an ostium primum defect or of an extensive 


ostium secundum defect. According to the 
case, this defect will fall into the category of 
atrial septal defects or of persistent atrioven- 
tricular canals. 

(9) Likewise, isolated mitral clefts may exist 
which, despite a different semeiological picture, 
most certainly spring from the same pathologi- 
cal source. The association of a cleft mitral 
valve with an atrial septal defect of the ostium 
secundum type is infrequent but should be con- 
sidered as a transitional stage between these 
various affections. And finally, in rare cases, 
large atrial septal defects of the ostium secun- 
dum type may be found to have the clinical 
characteristics of the ostium primum type. 


CLINICAL ASPECTS 


Because we wish these facts and notions to 
be precisely stated, we requested the highly 
qualified opinions of the participants in this 
symposium. Their eloquent accounts show 
that the group of persistent atrioventricular 
canals presents a remarkable unity justifying 
their nosological classification, but at the 
same time a certain amount of diversity due to 
the isolated anomalies which represent so 
many minor or transitional forms. 

Based on his experience with 300 cases, Bed- 
ford applies these embryologica] findings clini- 
cally and places the atrioventricular canal 
properly in the large group of atrial septal 
defects. 

The key to the differential diagnosis lies in 
the remarkable electrical property of the ostium 
primum defect in which is presented a left axis 
deviation with clockwise rotation of the frontal 
vectorcardiogram. ‘This fact calls for comment, 
for the left axis deviation first detected in per- 
sistent atrioventricular canals had first been 
attributed, in such cases, to the effect on the 
left ventricular muscle of the mitral insufficiency 
resulting from the mitral cleft. This does not 
seem to be a correct interpretation of the phe- 
nomenon; Burchell, DuShane and Brandenburg 
bring us a particularly critical and documented 
study from which it may be concluded that this 
remarkable electrical peculiarity seems to be 
the consequence of low-seated septal defects, 
since the malformation affects a portion of the 
left bundle branch. 

The surgical treatment of persistent atrio- 
ventricular canals consists in the repair of the 
auriculoventricular valves by sutures when 
they are cleft, the approach to the mitral valve 
being via the right auricle through the ostium 
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primum. The septal defect is then closed either 
with direct suture or, more generally, with a 
prosthetic patch. This intervention, elegant 
in its conception, takes time; the consensus is 
that the use of extracorporeal circulation is 
indispensable. The most critical time is that 
of the placing of the first sutures on the upper 
border of the interventricular septum, i.e., 
in the region of the bundle of His. 

Successively, Ellis, McGoon and Kirklin, 
Cooley and then Dubost and Blondeau describe 
the difficulties encountered during surgery and 
the results obtained. Later, Crafoord and 
Senning present their personal technic of 
repair of the interventricular. septum and of 
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the hiatus which, in the complete forms, sepa- 
rates the two (anterior and posterior) valvular 
bands. 

The operative results differ widely with the 
gravity of the defect. In partial forms, the 
percentage of failure is approximately 5 per 
cent. In grave forms, however, the mortality 
reaches 66 per cent. 

We should like to convey our thanks to the 
eminent authors who so willingly accepted the 
invitation to take part in this symposium. To 
them we owe another important advance in 
our knowledge of this particularly delicate 
subject. R. HEIM DE BALSAG, M.D. 

Paris, France 
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The Anatomical Types of Atrial Septal Defect 


Their Incidence and Clinical Diagnosis 


D. Evan BEDFORD, M.D., F.R.C.P., 


London, England 


INCE ROKITANSKY’s! TIME, it has been cus- 
esaeey to divide atrial septal defects into 
ostium primum and ostium secundum types, 
but this simple grouping is inadequate for surgi- 
cal purposes. Older pathological descriptions 
often portrayed an atrial septal defect (ASD) 
from the left side. The surgeon, however, 
must relate it to the main anatomical land- 
marks in the right atrium; namely, the two 
caval orifices, the Eustachian valve, the coro- 
nary sinus, the fossa ovalis and the tricuspid 
valve (Fig. 1A). 


ANATOMICAL CLASSIFICATION 


The following anatomical classification is 
based on observations made at open heart 
surgery on 180 patients with ASD operated on 
at the Middlesex Hospital by Mr. Holmes 
Sellors and his colleagues, on the examination 
of many specimens assembled by Dr. R. Hudson 
at the Institute of Cardiology and on published 
pathological accounts.'~4 

Fossa Ovalis Defects (Ostium Secundum Defect) : 
(1) Central and completely surrounded by a 
border of atrial septum. If some part of the 
valve of the fossa ovalis is present, the defect 
may be confined to the upper part of the fossa 
or may be fenestrated (Fig. 1B). (2) Inferior 
caval type lying astride the caval orifice, which 
thus opens into both atria, as described by 
Rokitansky. There is no lower margin to the 
defect and, sometimes, the posterior margin 
is lacking, so that the right pulmonary veins 
open into both atria. The Eustachian valve, 
if present, is continuous with the anterior limb 
of the annulus ovalis so that the margin of the 
septal defect takes a spiral course. A profuse 
Chiari network sometimes obscures the lower 
pole of the defect (Figs. 1C, 1D and Fig. 4). 

Superior Caval Defects (Sinus Venosus Defect): 
The defect underlies the superior caval orifice, 
which thus opens into both atria; there is no 


upper margin and often the posterior margin is 
incomplete. The right pulmonary veins are 
anomalous. Usually, the upper vein opens 
into the superior vena cava, a middle vein (or 
veins) opens into the right (or both) atria 
level with the defect and a lower vein opens, 
normally, into the left atrium (Fig. 1E). 
Atrioventricular Defects (Ostium Primum Defect; 
Endocardial Cushion Defect; Partial or Complete 
Common Atrioventricular Canal): The ostium 
primum type of ASD overlies the ventricular 
septum and attached mitral and _ tricuspid 
valve leaflets, its upper border being crescentic 
(Fig. 1F). The anterior cusp of the mitral 
valve is usually cleft or malformed and some- 
times the septal cusp of the tricuspid is similarly 
affected. When the cleft in these mitral and 
tricuspid leaflets is continuous across the ventric- 
ular septum, there is a common atrioventricular 
canal with anterior and posterior valve leaflets. 
Usually, the upper part of the ventricular 
septum, below the common atrioventricular 
(A-V) valves, is defective and permits a ventric- 
ular shunt; but, occasionally, the subvalvular 
space is more or less filled by aberrant papillary 
muscles and chordae, so that there is little or 
no ventricular defect. Patients with this type 
of defect may survive to adult life. Occasionally, 
rheumatic mitral stenosis is superimposed on 
the malformed valve of a primum defect.5—7 
Ostium primum defects may thus be classified 
anatomically as follows (See Fig. 2): (1) with 
normal A-V valves; (2) with cleft or malformed 
anterior mitral cusp; (3) with cleft mitral and 
cleft or malformed septal cusp of tricuspid; 
(4) with common atrioventricular canal: (a) 
with significant ventricular septal defect; (b) 
with insignificant ventricular septal defect. 


INCIDENCE 


The incidence of these various anatomical 
types in 170 consecutive surgical cases (exclud- 
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Fic. 1. Anatomy of atrial septal defects, as viewed from right atrium. A, normal atrial septum. B, central fossa 


ovalis defect. 


C, inferior caval defect with large Eustachian valve; vena cava opens into both atria. 


D, large Yin- 


ferior caval defect with no posterior margin; pseudo-anomalous right pulmonary veins. E, superior caval (sinus 
venosus) defect; anomalous right upper and middle pulmonary veins. F, atrioventricular (ostium primum) defect. 
(From: Beprorp, D. E., Sectors, T. H., Somervitte, W., Betcuer, J. R. and BesreRMAN, E.M.M. Atrial septal 


defect and its surgical treatment. 


ing the ostium primum defects) was as follows: 


Central fossa ovalis type............ 115 (67.6%) 


Inferior caval type................. 44 (26%) 
Superior caval type..............-.. 9 (5.3%) 
Almost total defect................ 1 
Double defect with cor triatriatum.. . 1 


Ostium Primum Defect: The incidence of 
ostium primum defects is far greater in infants 
and young children than it is in adults because 
few patients with common A-V canal survive 
longer than four years. Thus, Keith et al.§ 
give the incidence of primum defects in a chil- 
dren’s hospital as just over 25 per cent of all 
cases of ASD; whereas, in 300 cases of ASD 
investigated at the Middlesex Hospital, in 


which all patients were over five years of age 


and 60 per cent were over twenty, the diagnosis 
of primum defect was made in thirty-one cases 
(10.3 per cent). 
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Lancet, 1: 1255, 1957.) 


We excluded these patients from surgery 
under hypothermia; but fifteen of them have 
now been operated on and the diagnosis was 
confirmed in fourteen, the exception being a 
patient with a ventricular septal defect with 
left ventricular-right atrial shunt through a 
malformed tricuspid valve. From this ex- 
perience, we estimate that the incidence of 
ostium primum defect in all patients over five 
years of age with ASD does not exceed 10 
per cent. 

The anatomical types of primum defect in 
fifteen proved cases, in which the subjects 
were seven to forty-four years of age, was as 
follows: 


Cleft mitral and tricuspid valves............... 3 
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MITRAL TRICUSPID 


OSTIUM NORMAL 
PRIMUM VALVES 
CLEFT 
PARTIAL MITRAL 
CLEFT 
MITRAL 
and 
TRICUSPID 


COMMON 
A-V CANAL 


INTERMEDIATE 


Fic..2._ Diagram of mitral and tricuspid orifices viewed 
from above (atrial aspect) showing valve lesions asso- 
ciated with ostium primum defects. Partial, interme- 
diate and complete forms of common A-V canal (Mayo 
Clinic terminology) indicated on left. 


ASSOCIATED LESIONS 

The following complications, excluding pri- 
mum defects, were found at operation in a 
series of 170 cases: 


Persistent left superior vena cava........ 9 
Mild pulmonary valve stenosis.......... 8 
Anomalous right upper pulmonary 

Right-sided aortic arch................ 1 
Pseudo-anomalous right pulmonary 

veins (fossa ovalis defect with no pos- 


These statistics pertain to surgical patients 
in whom ASD was judged to be the sole or 
main lesion. Of course, an ASD is common 
in many complex congenital malformations 
as well. Right-sided aortic arch is so rare in 
uncomplicated secundum defects that its pres- 
ence is an indication that the diagnosis must 
be carefully scrutinized. Ostium primum de- 
fects in infants are often complicated by other 
lesions. 

In two of our subjects (ages six and thirty- 
three years), diagnosed clinically, the inferior 
vena cava was absent (persistent right posterior 


Fic. 3. A six year old boy with ostium primum defect. 
Anterior and lateral views. Angiocardiogram via saphen- 
ous route showing venous return from lower part of body 
to superior vena cava via a dilated azygos vein (per- 
sistent right posterior cardinal vein). 


Fic. 4. Pathological specimen from man aged thirty- 
nine, showing inferior caval defect with no posterior 
margin and right pulmonary veins entering common 


atrial wall. Inferior vena cava opens into both atria. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
| 
| 
| 
PLETE 
| 
| 
4 
| 
| 
| 
AG 
4% 
UPPER 
PULMON 
% 
5, 
3 
: hy, 4 : 


Fic. 5. Overpenetrated roentgenogram showing opaci- 
ties within right atrial border due to entry of en- 
larged right pulmonary veins. At operation, there was 
a large defect with no lower or posterior margins. 


cardinal vein). This combination, which 
has been described by others,®!° deserves men- 
tion because of its surgical implications. Venous 
blood from the lower part of the body is re- 
turned to the superior vena cava via a dilated 
azygos vein (Fig. 3) which, in one case, was 
noted in the plain roentgenogram. 


CLINICAL DIAGNOSIS 


For surgical purposes, it is important to 
make the clinical diagnosis as complete as 
possible. Primum defects require extracor- 
poreal circulation for their surgical repair. 
Other types, however, can safely be repaired 
under hypothermia, provided that the surgeon 
identifies the anatomy and complications prior 
to arresting the circulation. This can be done 
quickly if the surgeon knows what to look for. 

Fossa Ovalis Defects: The diagnosis of un- 
complicated fossa ovalis defects needs little 
discussion. It depends essentially on finding 
a left-to-right shunt at atrial level, usually 
confirmed by passage of the catheter through 
the defect. The important clinical signs are a 
pulmonary systolic ejection murmur, a_per- 
sistently split second sound," a short delayed tri- 
cuspid diastolic murmur, an electrocardiogram 
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Fic. 6. Postoperative angiocardiogram (lateral view) 
via saphenous route, showing inferior vena cava open- 
ing almost entirely into left atrium and shut off from 
right atrium by the Eustachian valve, which has been 
incorporated in the suture line, and which is seen 
ballooned into right atrium. This was _ successfully 
corrected by re-operation. 


showing right axis deviation combined with 
incomplete right bundle branch block and a 
characteristic roentgenogram. 

Fossa ovalis defects, in which the right pul- 
monary veins appear to be anomalous at 
catheterization, usually prove to have no 
posterior margin, so that the veins actually 
communicate with both atria (Fig. 4). Some- 
times, large anomalous pulmonary veins are 
evident in overpenetrated films, or in tomo- 
grams, as rounded opacities within the right 
atrial border. This was first pointed out to 
me by Dr. Peter Kerley in the film reproduced 
in’ Figure 5. 

Infertor Caval Defects: These can be demon- 
strated by angiography if the contrast medium 
is injected into the inferior vena cava, just 
below its entry into the right atrium, by means 
of a catheter passed via the saphenous route. 
In closing this type of defect, it is easy to in- 
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Selective angiocardio- 
gram by saphenous route showing right upper pulmonary 
vein entering dilated proximal extremity of superior 
vena cava, and middle vein entering adjacent right 
atrium. 


Fic. 7. Superior caval defect. 


corporate the Eustachian valve in the suture 
line, in which case the caval opening may be 
stenosed or deflected into the left atrium. 
This mishap can be demonstrated by postopera- 
tive angiography (Fig. 6). 

Superior Caval Defects: These can almost 
always be diagnosed. There is a localized 
distention of the superior vena cava just above 
the right atrium, at the site of entry of 
the anomalous right upper pulmonary vein, 
which usually evident in _ roentgeno- 
grams, if sought. The enlarged right pul- 
monary arterial branches tend to obscure this 
segment of the superior vena cava, but an over- 
penetrated film or a tomogram will show it. 
Angiocardiograms will also show the anomalous 
right pulmonary veins (Fig. 7). 

The right upper and middle pulmonary veins 
can usually be entered at catheterization, and 
gas analysis shows a higher oxygen saturation 
in the lower part of the vena cava than in 
venous blood withdrawn higher up. In this 
type of ASD, it is important to detect a persist- 
ent left superior vena cava, if present. This 
is a great surgical asset, since it permits ligation 
of the right superior vena cava above the entry 
of the right upper pulmonary vein, after 
which the right caval opening can be deflected 
into the left atrium in suturing the defect. 

Anomalous right pulmonary veins, of the 
same pattern as those found in superior caval 
defects, were encountered at surgery in two 
other subjects, one with a fossa ovalis defect 
and the other with mitral stenosis and an 
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Fic. 8. Phonocardiogram from girl aged nineteen 
with ostium primum defect and cleft mitral valve, show- 
ing split second sound at pulmonary area and pan- 
systolic and diastolic murmurs at mitral area. 


aneurysm of the fossa ovalis without any overt 
septal defect. 

Atrioventricular (Ostium Primum) Defects: These 
defects can almost always be diagnosed by 
means of clinical signs and electrocardiograms, 
sometimes aided by catheter findings. 

Patients encountered in the pediatric clinic 
may have large hearts, pulmonary hypertension, 
physical and mental retardation or mongolism. 
They are often subject to infection of the respira- 
tory tract and heart failure usually develops in 
the first few years of life. In older patients, 
however, the clinical picture may be far more 
benign. In my fifteen proved cases, in which 
the patients were seven to forty-four years of 
age (average sixteen years), only five were 
slightly undersized and two were mentally 
retarded, but none was mongolian. 

The oldest patient, aged forty-four, served 
in the Navy for nine years until he became 
cyanotic, after which he worked as a driver 
up to the time of his final illness. Necropsy 
showed a primum defect, a common A-V canal 
without significant ventricular septal defect 
and organized thrombosis of both main pul- 
monary arteries. 

Survival until sixty to seventy years has 
been recorded; for example, one of Rokitan- 
sky’s subjects was aged sixty-one and, in two 
recorded cases, patients having primum de- 
fect with mitral stenosis were aged sixty and 
seventy-two years.®7 In contrast to secundum 
defects, the sex incidence in the primum type 
is about equal. In my series, there were eight 
males to seven females. 
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Anatomical Types of Atrial Septal Defect 


Fic. 9. Electrocardiogram from girl aged sixteen with 
ostium primum defect and cleft mitral valve, showing 
left axis deviation and rSR pattern in lead V;. P-R 
interval 0.22 second. 


A grossly enlarged heart is common, but not 
invariable. In my subjects, the cardiothoracic 
ratio was 50 to 55 per cent in five, 55 to 60 
per cent in three and over 60 per cent in seven. 
Slight left atrial enlargement was detected 
on roentgenograms in eight instances. 

On physical examination, the apex beat may 
suggest a left ventricular thrust in contrast to 
the tap or diffuse right ventricular lift that is 
usual in secundum defects. The most im- 
portant clinical sign is a pansystolic murmur, 
often accompanied by a systolic thrill at the 
apex and over the right ventricle, due to mitral 
or tricuspid incompetence or both (Fig. 8). 
A short delayed diastolic murmur over the 
right ventricle is the rule in secundum defects. 
In primum defects, however, this murmur is 
often longer, louder and better heard at the 
apex. In one case, there was a diastolic thrill. 
These murmurs may closely simulate those of 
rheumatic mitral disease, so that the term ‘“‘false 
Lutembacher syndrome’’” has been coined. 

The electrocardiogram provides the best evidence 
of a primum defect. In fourteen of my fifteen 
subjects, it showed left axis deviation in the 
standard leads combined with incomplete 
right bundle branch block pattern in the 
chest leads (Fig. 9). The frontal vectorcardio- 
gram was also characteristic.* The only ex- 
ception was the forty-four year old patient 
with pulmonary hypertension and_ reversed 
shunt, whose electrocardiogram showed right 
axis deviation. Campbell and Missen™ re- 
ported a somewhat similar case. 

It is useful to plot the electrical axis of QRS 
in the triaxial system, as shown in Figure 10. 
This electrocardiographic pattern, typical of 
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Fic. 10. Diagram of triaxial system showing usual 
distribution of electrical axis of QRS in sextants 1 and 
2 in ostium primum defects, and in sextants 4 and 5 
in ostium secundum defects; those with obstructive 
pulmonary hypertension (P.H.) tend to fall into sextant 4. 


primum defects, also occurs in other conditions. 
For example, it sometimes occurs in ventricular 
septal defects; but this does not diminish its 
value in distinguishing between a primum 
and a secundum defect when an atrial shunt 
has been demonstrated. Some degree of A-V 
block is more frequent than in secundum de- 
fects and, in seven of my fifteen subjects, the 
P-R interval exceeded 0.20 second. 

Cardiac catheterization may suggest a shunt 
at both atrial and ventricular levels even when 
there is no ventricular septal defect. The left 
ventricle is more readily entered than usual 
and the catheter may pass directly from right 
atrium to left ventricle and vice versa. The 
level at which the catheter traverses the ASD 
is not a reliable guide, since inferior caval 
defects are located lower than primum defects. 

In my subjects, the pulmonary artery pres- 
sure was normal in four, 30 to 50 mm. Hg 
systolic in eight and 80 mm. Hg systolic in 
one, aged nine, with a common A-V canal. 
The remaining subject, aged forty-four, not 
catheterized, had hypertension due to pul- 
monary thrombosis. It appears that pulmonary 
hypertension exceeding 50 mm. Hg ssystolic 
occurs in children only if there is a common 
A-V canal with a significant ventricular shunt. 


DIFFERENTIAL DIAGNOSIS 


A primum defect has to be distinguished 
from a secundum defect with rheumatic mitral 
disease. Lutembacher’s disease is rarely en- 
countered below the age of twenty-five, and 
the electrocardiogram always shows right axis 
deviation. Other points to be borne in mind 
at diagnosis are a rheumatic history, atrial 
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fibrillation and, occasionally, Kerley’s lines 
in the roentgenogram. Mitral murmurs are 
usually less evident in Lutembacher’s disease 
then in primum defects, and an opening snap is 
exceptional. 

In my case of ventricular septal defect with 
direct left ventricular-right atrial shunt, the 
electrocardiogram was identical with the one 
described in primum defects, and differential 
diagnosis may be impossible. Neither mal- 
formation, however, should be submitted to 
surgery under hypothermia. 


SUMMARY 


The anatomical varieties of atrial septal 
defect are described and their clinical diagnosis 
is discussed on the basis of experience in in- 
vestigating a series of 300 subjects and of ob- 
servations made at operation on 180 of them. 
In particular, the diagnosis of atrioventricular 
(ostium primum) defects is discussed. It can 
be made almost always on the basis of typical 
’ clinical signs and electrocardiogram, sometimes 
aided by cardiac catheterization. 
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The Electrocardiogram of Patients with 


Atrioventricular Cushion Defects (Defects 


of the Atrioventricular Canal)’ 


Howarp B. BuRCHELL, M.D., JAMES W. DuSHANE, M.D. and RoBert O. BRANDENBURG, M.D. 


Rochester, Minnesota 


NOWLEDGE OF THE anatomic varieties of 
K atrial septal defects seen in the Mayo 
Clinic has stemmed mainly from the studies 
of Rogers and Edwards' reported in 1948. 
The value of the electrocardiogram in discrimi- 
nating between the usual type of atrial septal 
defect and the low atrial defect in the region 
of the atrioventricular valves was recognized 
much later, but was established at the time 
intracardiac operations with the aid of the 
heart-lung machine were routinely being per- 
formed during 1955. Isolated case reports 
had drawn attention to the unusual left axis 
deviation associated with low atrial defects, 
and Milnor and Bertrand? mention that in 
1953 Taussig had, for some time, been utilizing 
the electrocardiogram for differentiating among 
types of atrial septal defects. Blount mentioned 
the diagnostic value of the electrocardiogram 
in 1954, and he and his associates presented a 
paper® on the subject in 1956. 

Later in 1956, the experience of the Mayo 
Clinic in specifically relating electrocardio- 
graphic aberrations to defects of the lower 
atrial septum and deformities of the atrioven- 
tricular canals was published by Toscano- 
Barboza and two of us.‘ In this communica- 
tion, some vectorcardiographic analyses were 
made, with descriptions of different types of 
frontal QRS loops. It was claimed that the 
evidence favored a congenital aberration of 
ventricular excitation and that the electrocar- 
diographic phenomena were not primarily 
caused by left ventricular hypertrophy conse- 
quent to mitral incompetence. 

The conclusion that mitral incompetence was 
not the direct cause of the marked left axis 


deviation arose from the following observations: 
(1) newborn children with defects of the atrio- 
ventricular canal already had the diagnostic 
tracings, (2) the association of pulmonary 
stenosis did not obscure the unusual excitatory 
pattern and (3) the electrocardiographic rec- 
ords did not correlate with the size of the left 
ventricle as depicted in the roentgenogram or 
as seen at operation or necropsy; nor did they 
correlate with the assessment of the degree of 
mitral regurgitation by the surgeon. Indeed, 
the typical electrocardiogram was found in 
cases in which the mitral valve was judged to be 
competent by the surgeon or the anatomist. 
An additional conclusion was deduced from the 
fact that, in acquired rheumatic mitral regurgi- 
tation associated with an atrial septal defect, 
the patients’ electrocardiograms did not show 
the initial QRS vectors rotating counterclock- 
wise in the 0° to —90° quadrant. This was 
believed to lend powerful support to the con- 
tention that mitral insufficiency per se was not 
the important factor in producing the left axis 
deviation in patients with septal defects of the 
atrioventricular canal type (atrioventricular 
cushion defects). 

Toscano-Barboza and his co-workers‘ pointed 
out that the electrocardiograms characteristi- 
cally associated with defects of the atrioventric- 
ular canal might be identical to those asso- 
ciated with coronary disease and acquired 
aberrations in ventricular excitation. It is 
of interest that Milnor and Bertrand,’ favoring 
the view that the left axis deviation was to be 
related to mitral insufficiency, reproduced typi- 
cal scalar electrocardiograms and vectorcardio- 
grams of a patient proved later to have a low 


__* From the Sections of Medicine and Pediatrics, Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 
"he Mayo Foundation is a part of the Graduate School of the University of Minnesota. 
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atrial septal defect but competent tricuspid and 
mitral valves. However, as there was severe 
narrowing of the anterior branch of the left 
coronary artery, they chose, between the two 
causal possibilities, to ascribe the electrocardio- 
graphic abnormality to the coronary disease. 
They concluded, on the basis of their experience 
(limited at that time), that persistent ostium 
primum with no functional abnormality of the 
mitral valve could not be distinguished electro- 
cardiographically from persistent ostium secun- 
dum. The electrocardiogram in Case 4 of 
their communication,? showing right axis de- 
viation with apparent clockwise rotation of the 
sequential instantaneous vectors, is indisputa- 
ble evidence for this conclusion. They men- 
tion that the mitral valve may be competent 
even though a cleft is present in the aortic 
leaflet: a viewpoint that is in accord with 
ours. 

That mitral incompetence may contribute to 
left axis deviation cannot be denied. However, 
‘the evidence seems to point convincingly to the 
fact that it is not essential to left axis deviation. 
Nevertheless, the opposite opinion is_ still 
favored in a number of centers, as witnessed 
by the reports of Cooley and McNamara,°® 
and Campbell and Missen.*® 

Liang and Schwantje’ discussed the electro- 
cardiograms of five patients with primum 
defects and interpreted the records in three to 
indicate left ventricular hypertrophy, which 
correlated well with the finding of significant mi- 
tral insufficiency at operation. However, in the 
absence of mitral insufficiency, there was no left 
ventricular hypertrophy, although the axis re- 
mained deviated to the left. They reported left 
axis deviation and a prolonged P-R interval inall 
their patients with primum defect. 

Ostium Primum Defects Without Characteristic 
Electrocardiogram: Our experience has led us 
to the belief that, in a young person with congen- 
ital heart disease and a known large left-to-right 
transatrial shunt, the presence of the typical 
frontal vectorcardiogram with vectors rotating 
counterclockwise above the isoelectric line 
may be practically pathognomonic of defects 
in the region of the atrioventricular valves. 
This statement, however, may be reversed and put 
in the form of the following question: ‘“‘What 
percentage of patients with defects of the ostium 
primum type do not have a characteristic 
electrocardiogram?”’ 

We have not seen any patients who had 
proved defects of the complete form of a com- 


mon atrioventricular canal who also had elec- 
trocardiograms that were not consistent with 
the pattern described herein as being charac- 
teristic of patients with such defects. In 
patients with either the incomplete form or 
the atypical lesions more questionably related 
to deformities of the atrioventricular canal, 
the following electrocardiographic exceptions 
to the characteristic template have been en- 
countered: 


1. Postmortem examination of a twenty-seven 
year old woman showed a low atrial septal defect of 
the ostium primum type with fusion of cleft bicuspid 
and mitral leaflets over the top of the septum. The 
electrocardiograms showed a normal axis deviation 
and a clockwise-rotating frontal loop. This patient 
was seen on one occasion only, in 1951; she was 
cyanotic (arterial oxygen saturation 84 per cent), 
had severe pulmonary hypertension and her right 
ventricular pressure (145/4) exceeded that in the left 
ventricle (100/2). 

2. The electrocardiogram of a ten year old child 
was thought by all three of us not to favor an atrio- 
ventricular cushion defect because of persistent vec- 
tors, as projected in the frontal plane, in the +45° 
to +60° zone, the clinical diagnosis being an atrial 
septal defect and mitral insufficiency. At operation, 
a typical incomplete form of atrioventricular canal 
defect with moderate mitral insufficiency was found. 

3. The electrocardiogram of a seven year old child 
showed multiphasic QRS complexé¢s in leads m 
and aVF, in which the areas under the QRS deflec- 
tion were greater above than below the isoelectric 
line, in which the designation of right axis deviation 
would be proper and in which an accurate construc- 
tion of the vectorial loops from the scalar leads would 
be impossible. The vectorcardiographic loop showed 
a horizontally disposed narrow ‘“‘figure-of-eight”’ 
loop, almost all of which was below the isoelectric 
point. The preoperative diagnosis was either an 
ostium secundum or an ostium primum defect. At 
operation, the latter, 7.e., a typical atrioventricular 
cushion defect or partial form of atrioventricular 
canal, was found and corrected. 

4. The electrocardiogram of a ten year old- child 
showed normal axis deviation. At operation, the 
child was found to have a moderate-sized, usual-type 
atrial septal defect (ostium secundum type) but a cleft 
mitral leaflet with moderate mitral insufficiency. 

5. The electrocardiogram of a two year old child 
did not suggest an atrioventricular cushion defect 
either. At operation, however, two ventricular 
septal defects were found, one of which was posterior 
and associated with tricuspid deformity. The situa- 
tion was appraised by the surgeon as being similar to 
defects of the atrioventricular cushion type, although 
the atrial septum was intact. 

6. In a six month old cyanotic infant who had a 
greatly enlarged heart and right axis deviation in the 
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electrocardiogram, the diagnosis of atrioventricular 
canal was tentatively made from cardiac catheteriza- 
tion data and later proved at postmortem examina- 
tion. 


Attention may also be drawn to a patient 
described in the case records of the Massa- 
chusetts General Hospital* who was later shown 
to have a complete atrioventricular canal de- 
formity associated with pulmonary stenosis 
and whose electrocardiogram did not show 
left axis deviation. Through the kindness of 
Dr. Friedlich, one of us (H. B. B.) has had the 
opportunity to review these records and agrees 
that they would not suggest the diagnosis in 
this instance. 

Mouquin and his co-workers® have published 
an account of three cases of tetralogy with 
common atrioventricular canal, illustrated with 
complete electrocardiographic leads. We would 
interpret these as typical or suggestive of the 
diagnosis, there being evidence of the counter- 
clockwise rotation of the instantaneous QRS 
vectors, with the late vectors to be associated 
with the right ventricular hypertrophy. 

Ziegler’® has published an electrocardiogram 
of a five year old child that does not show 
diagnostic features, which supports his state- 
ment that the electrocardiogram per se does not 
necessarily exclude a primum type of defect. 
Forrest" has reported that one of three patients 
with ostium primum defects did not show left 
axis deviation. This case, however, may be 
open to question regarding the correctness of 
the diagnosis, since it was reported that the 
postmortem examination revealed a right atrial- 
left ventricular communication without in- 
volvement of the mitral valve. 

It is difficult to understand the observations 
of Witham and Ellison,” which contrast so 
sharply with ours. These authors reported 
on five patients, none of whom had a typical 
electrocardiogram. In four of the five records 
reproduced, there was right axis deviation. 
In these cases, however, there was no proof 
of the actual lesion existing. Therefore, in 
the ultimate scoring of electrocardiographic 
accuracy in diagnosing the condition under 
discussion, the use of these cases might be chal- 
lenged. 

Other Electrocardiographic Studies: In a recent 
discussion of persistent ostium primum in the 
symposium on congenital heart disease at the 
British Cardiological Society, there was divi- 
sion of opinion as to the specificity of the elec- 
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trocardiographic abnormality and its diagnos- 
tic value. Our impression of the discussion is 
that the majority of speakers did not weigh 
the diagnostic implications heavily. Cases 
were cited of ostium primum defects without 
left axis deviation and of ostium secundum 
defects with left axis deviation. The discus- 
sion touched on the question of electrocardio- 
graphic change with increasing age of the pa- 
tient, the suggestion being that left axis devia- 
tion was acquired with progressive left ven- 
tricular hypertrophy. 

We interject here a repetition of our opinion 
that such interdependence of left axis deviation 
and progressive left ventricular hypertrophy is 
not a basic one. In the same issue of the British 
Heart Journal carrying the discussion mentioned 
is Hamer’sreport,'‘in which the vectorcardiogram 
in atrial septal defect is described and illustrated, 
with characteristic vectorcardiograms in three of 
the five clinical cases of atrioventricular cushion 
defect. Change in the electrocardiogram over 
the years with the development of pulmonary 
vascular disease and hypertension has been 
noted by Campbell and Missen.* In our ex- 
perience such change has not obscured the 
early vectors that are of diagnostic importance, 
and characteristic tracings often have been 
observed to persist from infancy to teen age. 

The experience at the Hospital for Sick 
Children in Toronto, as reported by Evans 
and his co-workers,'® parallels ours very closely 
in that their vectorcardiographic analyses uni- 
formly showed a superiorly oriented frontal 
loop with vectors rotating counterclockwise or, 
in a minority, a figure-of-eight pattern about 
the horizontal line. They had forty-one sub- 
jects, categorized as having persistent ostium 
primum defects, available for study. Three 


‘had isolated ostium primum, fourteen ostium 


primum and cleft mitral valve, eight ostium 
primum with cleft mitral and tricuspid valves 
(five of these had some subvalvular communi- 
cations) and sixteen common atrioventricular 
canal. 

Giraud and his co-workers'* emphasized the 
predominant place of the electrocardiogram 
among the diagnostic elements concerned with 
defects of the atrioventricular canal. The 
electrocardiogram, they pointed out, typically 
shows incomplete right bundle branch block 
with a mean QRS at —80° to —115° with 
“levorotation” of the vectors. These authors 
have presented a clear tabular or semischematic 
portrayal of the varieties of persistent atrio- 
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ventricular canal. They have registered po- 
tentials from within the ventricles, and view the 
evidence as favoring the concept of an incom- 
plete bilateral intraventricular block. 

Heim de Balsac and his co-workers’ have 
discussed the electrocardiographic variations 
encountered in patients with defects of the atrio- 
ventricular canal and have given a correlative 
dynamic classification as follows: 

Group 1. Axis deviation —90° to —115°—Right 
bundle branch block without right ventricular 
hypertrophy. 

Group u. Axis deviation —175° to —135°— 
Right ventricular systolic overload (right ventricular 
pressure 45 to 95 mm. Hg). 

Group m. Axis deviation —60°—Left ventricular 
overload (interventricular communication or mitral 
insufficiency ). 


Rivier and his co-workers'* have reported 
three cases with excellent displays of the vector- 
cardiogram, and contrast the inconspicuous 
clinical and roentgenologic features with the 
typical hemodynamic and _ electrophysiologic 
findings. While pointing out the characteris- 
tic direction of the QRS loop, they mention 
that similar records have been obtained of 
patients with malformations of an entirely 
different type. 

The experience of Kjellberg and his asso- 
ciates'® led them to the conclusion that it was 
not possible by electrocardiographic means to 
distinguish with certainty between an ostium 
primum defect and other types of atrial 
septal defect, or between patients with and 
without mitral regurgitation; but that, if 
left axis deviation were present, the existence 
of an ostium primum defect was highly prob- 
able. This view is not literally contrary to 
our own, but our data show a greater correla- 
tion of the ostium primum defect and left axis 
deviation than do the data of their group of 
twelve cases. In addition, the vectorial analy- 
sis of the early electromotive forces may be 
more important than a calculation of a mean 
QRS vector. 

Sodi-Pallares and his associates,”° in a dis- 
cussion of electrocardiography in infants and 
children, precisely outlined the characteristic 
features of the electrocardiogram in patients 
with persistent common atrioventricular canal, 
the data being similar to those presented in 
their discussion of thirty-one cases in their 
experience with a total of 1,331 cases of con- 
genital heart disease." Paul” stated that the 
electrocardiogram has assumed a major role 


in the diagnosis of endocardial cushion defects, 
since these are associated with certain uniform 
and distinctive electrocardiographic features, 
which constitute a reliable index in the differen- 
tial diagnosis of ostium primum and ostium 
secundum atrial septal defects. These observa- 
tions were based on the records of sixteen 
patients. 

Burch and DePasquale*® have reported de- 
tailed electrocardiographic analyses on one 
hundred patients with atrial septal defect, ten 
of whom had the ostium primum variety. 
Their conclusion, that the electrocardiograms 
of the septum primum defects differ signifi- 
cantly in a readily recognizable fashion from 
those of septum secundum defects, in that the 
former manifest left axis deviation of the QRS 
or AQRS, is in harmony with our view. They 
state that the differences are so definite as to 
be of considerable value in the differential 
diagnosis of the two types of defects, and judge 
that it would seem most likely that the pat- 
terns are related to the relative amounts and 
to the spatial orientation within the body of the 
muscle masses of the right and left ventricles. 
But they neither tie such conjectural differences 
to the presence of mitral incompetence nor 
give any theoretic reason for the presence of 
such differences in the partitioning or arrange- 
ment of the myocardial mass. They mention 
the “irregularity” with which abnormalities 
of the P wave appear in a group of patients 
with atrial septal defect. This is in accord with 
our experience. 

It is difficult to assess accurately the diagnostic 
error that might originate from purely electro- 
cardiographic analysis. We have occasionally 
observed, however, that a suspected low atrial 
defect on the basis of a figure-of-eight pattern 
has proved to be a defect of the usual secundum 
type, or that a suspected atrioventricular canal 
deformity with vectorial loops rotating counter- 
clockwise has proved to be a usual type of 
ventricular septal defect. In such cases of 
ventricular septal defect, the initial QRS 
vectors have persisted to the 0° to +90° quad- 
rant a considerable time before entering the 
0° to —90° quadrant. At one time, a figure- 
of-eight configuration (or twin-bladed, pro- 
peller-shaped loops), oriented either vertically 
or in a +45° to +225° plane, and found in 
patients with ventricular septal defects, pre- 
sented more difficulty of interpretation than it 
does now, particularly as experience has been 
gained in the recognition of associated left 
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ventricular enlargement (or left ventricular 
volume or diastolic overload). 


CasE MATERIAL 


For this study, we reviewed the electrocardio- 
grams of eighty-six patients with defects of the 
septums in the region of the atrioventricular 
valves. The classification was: (1) the partial 
type, in which there is no communication below 
the atrioventricular valve, and (2) the complete 
type, in which there is fusion of the mitral and 
tricuspid valve tissue across the top of the ven- 
tricular septum with small communications 
underneath, or in which there is a gross ven- 
tricular defect below a truly common valve. 

At one time, we used the term “transitional 
type” in reference to fusion of the valves over the 
top of the septum, but this term has largely been 
abandoned. In each instance, there was an 
associated deformity, of varying degree, of the 
mitral or tricuspid valve, or both. Of the 
eighty-six patients, twenty-four were judged 
to have the complete form of the defect. Of 
these twenty-four, twelve were less than two 
years of age at the time of operation or post- 
mortem examination. Patients clinically diag- 
nosed as having atrioventricular cushion defect 
without confirmation by surgeon or anatomist 
were excluded from this study. A common 
atrium, in association with a partial form of the 
atrioventricular canal defect, was found five 
times. 

Difficulties with nomenclature are not en- 
tirely solved. For instance, how should one 
label the rare condition of an atrial septal 
defect of the usual (secundum) type associated 
with a cleft mitral valve? And how should one 
label isolated multiple ventricular septal de- 
fects present on the right side under the tri- 
cuspid leaflet and mitral valve defects suggesting 
a congenital anterior (aortic) leaf cleft, but 
with both septums intact? 

The series of cases analyzed in this study in- 
cludes the group of surgical cases reported in 
this symposium by Ellis and his associates,™ 
as well as the non-surgical cases that had been 
studied clinically and at postmortem examina- 
tion and the few atypical or grossly complicated 
cases that were not included in the surgical 
study, 


DEscRIPTIVE FEATURES 


The cardinal and nearly diagnostic feature. of 
clectrocardiograms of patients with low atrial 
septal defects (so-called ostium primum de- 
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Fic. 1. Schema illustrating the left-to-right shunts and 
regurgitant flows potentially present in the varied 
species of the generic atrioventricular cushion group of 
defects. The right-to-left shunt possible in the presence 
of a common atrium and pulmonary stenosis or grossly 
increased pulmonary vascular resistance is not illustrated. 


fects) in association with a cleft atrioventricular 
valve and complete forms of the common atrio- 
ventricular canal is the presence of left axis 
deviation of the initial or early electromotive 
forces and, in the frontal vectorcardiogram, 
a loop that is early oriented in the left axis 
quadrant; i.e., commonly at an angle of —30° 
to —60°. Many variations occur within the 
basic diagnostic picture related to the diverse 
hemodynamic state that may be present in 
this condition. 

The largest subgroup of patients with nearly 
diagnostic electrocardiograms were these show- 
ing, in scalar leads, a deep or high voltage S 
wave in leads 11 and aVF that greatly exceeded 
the preceding R and was characteristically 
notched. In this subgroup having the high 
voltage (greater than 1.5 mv.) notched § in 
leads m1 and aVF and no R’ were thirty-two of 
the eighty-six patients. ry 

Factors Influencing the Electrocardiogram: Fol- 
lowing are some of the anatomic and dynamic 
variables that may influence the electrocardio- 
graphic picture (Fic. 1). 

(1) The size of the atrial septal defect.. This 
may vary from absence of the septum (cor trilocu- 
lare biventriculare) to the presence of an intact 
septum. A dependent variable is a marked 
difference in size of the atria, with the expecta- 
tion that when the left atrium is greatly en- 
larged the atrial septal defect will be rela- 
tively small or absent. 

(2) Mitral regurgitation. This may vary 
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Fic. 2. These electrocardiographic records of a ten year old girl are believed to be nearly pathognomonic of a per- 
sistent atrioventricular canal deformity in this age group. There was a complete form of the malformation, with a 


common atrium and some stenosis of the orifices of the right pulmonary vein. 
Before repair, the right ventricular pressure was 90 mm. Hg at the time systemic pressure was 


ately incompetent. 
100 mm. (surgical and postmortem case). 


from being of marked degree to being absent. 
The regurgitation may often need to be re- 
lated to the total atrioventricular valve without 
specifying the mitral, although it is usually the 
mitral aortic leaflet that is at fault. A tricuspid 
cleft is of minimal significance. The left 
ventricular regurgitant volume is frequently 
directed into the right atrium, but occasionally 
may be directed into the left atrium. This may 
contribute to the left atrial enlargement when 
the interatrial communication is small. 

(3) The size of the ventricular septal defect. 
This defect may be so huge that it creates a 
functionally single ventricle, or it may be ab- 
sent and two intact ventricles be present. 
(In between these extremes are those cases in 
which there are small interventricular commu- 
nications below the valves which are fused over 
the top of the septum.) 

(4) Tricuspid regurgitation. 

(5) Pulmonary vascular resistance. 

(6) Associated defects. The ones that have 
been observed are: (a) pulmonary stenosis 
(observed three times), (b) anomalous veins 
into the right atrium (observed twice) and (c) 


The atrioventricular valve was moder- 


malalignment of the atrial septum with a 
separate mitral orifice. 

Correlation of Electrocardiographic, Anatomic and 
Hemodynamic Findings: A correlation between 
the electrocardiographic picture and the hemo- 
dynamics of the central circulation in cases of 
defects of the atrioventricular canal is difficult 
to make, except in a crude way, because of the 
error inherent in assessing the amount of in- 
sufficiency of the valve and the total and frac- 
tional regurgitation from either ventricle, as 
well as the error inherent in calculating the 
relative left-to-right shunt of blood at atrial 
and ventricular levels. From the dynamic 
considerations, one should be able to estimate, 
theoretically, the following electrocardiographic 
variations: 

(1) Evidence of right atrial enlargement in 
the presence of a large left-to-right transatrial 
shunt, or a regurgitant flow into the right atrium 
from either the right or the left ventricle, or from 
both. 

(2) Left atrial enlargement when an atrial 
septal defect is small or absent and when there 
is gross mitral insufficiency. 
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Fic. 3. Records of a fifty-one year old man with a mild form of complete atrioventricular canal deformity. The fre- 
quent difference between the frontal vectorcardiogram taken with the tetrahedron system (FTe) and the one taken 
with the Grishman cube system (Fcu)?? can be seen: the former is more elongated in the vertical (y) axis. The 
atrial septal defect was fairly small (2 cm. in diameter) and there were multiple small fenestrations below the valve, 
constituting the criteria for stating that the defect was of the complete category. Mitral insufficiency was judged to be 
moderate (grade 2+), but the heart at operation was judged to be only slightly enlarged. Records taken in the operat- 
ing room at the time of excitation at four points along the anterior interventricular groove, relative to the onset of 


QRS in the reference lead, showed values of 0.065 (base), 0.035, 0.032 and 0.035 (apex). Those for the posterior sur- 
face at varied points were 0.065 to 0.080 second (values within the normal range). 


(3) Right ventricular dilatation and hyper- 
trophy related to the left-to-right shunt at either 
the atrial or ventricular level, or the presence 
of tricuspid insufficiency, or both. In the 
presence of a large shunt and an incompetent 
tricuspid valve, one would expect the picture 
of a volume (or diastolic) overload of the right 
ventricle, primarily manifesting itself as an 
rsR’ type of QRS in the right precordial leads. 
In the presence of right ventricular systolic 
hypertension from either an associated pul- 
monary stenosis, an associated increased pul- 
monary vascular resistance or a huge ventricu- 
lar septal defect equalizing systemic and right 
ventricular pressures, one expects evidence of 
a pressure loading of the right ventricle with 
accentuation of the R or R’ in the right pre- 
cordial leads, along with negativity of the T 
wave, which may extend into the midprecordial 
area. 

(4) Evidence of left ventricular dilatation or 
hypertrophy, which will be expressed primarily 
as volume or diastolic overload brought about 
by either gross incompetence of the mitral valve 
or a large shunt from left to right at the ventricu- 
lar level. A tall QRS and accentuated positive 
T wave in the left precordial leads are also seen. 
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The accuracy in predicting the anatomic and 
hemodynamic situation, as the surgeon will 
find it, is reasonably good, the greatest errors 
occurring in estimating right ventricular pres- 
sure (or systolic) loading when the complex is 
primarily of the rsR’ type in the right precor- 
dial leads and in estimating the size of the 
left ventricle. In these areas, there may be a 
tendency to overestimate the right ventricular 
systolic pressure or, occasionally, to predict an 
increased size of the left ventricle when the 
surgeon can recognize none or very little. 

The fact that Toscano-Barboza and his 
co-workers,”® in a study of one hundred cases 
of ordinary atrial septal defect, were unable 
to establish any close correlation between the 
hemodynamic findings and the electrocardio- 
gram is pertinent to the problem. One would 
expect that such relationships in septal defects 
of the atrioventricular canal type would be even 
more difficult to establish. These authors also 


‘pointed out the not uncommon electrocardio- 


graphic feature in patients with atrial septal 
defect; namely, a q wave in lead Vg that is 
present in 35 per cent of patients, approximately 
half of whom also present an indication of 
enlargement of the left ventricle. 


’ 
/ 
c 
Rie 
| 
ty 
Bin? 
i 
A 


Burchell, DuShane and Brandenburg 


Fic. 4. Electrocardiograms and vectorcardiograms (Grishman cube system?’) of a forty-eight year old woman with a 
partial form of common atrioventricular canal deformity and mitral insufficiency, graded slight, at the time of surgical 
correction of the defect. The right atrium and ventricle were markedly enlarged; left atrium, slightly enlarged; 
left ventricle, normal; atrial communication, large; and right ventricular systolic pressure before repair, 40 mm. Hg. 
The three standard leads are augmented; the other scalar leads are taken at normal standardization (1 mv. = 1 cm.). 
Epicardial records were taken at the time of operation, and the apex and posterolateral surfaces were excited 0.01 to 
0.02 second prior to excitation of the anterior basal surfaces (0.03 versus 0.04 to 0.05 second). The surface of the right 
ventricular outflow tract was excited 0.05 second, and the central area of the right ventricle 0.06 segond, after onset of 
the QRS in the reference lead. The latest areas to be activated were not identified. The QRS was 0.12 second in 
duration. The QR complex in lead V; should be particularly noted, along with the nearly normal right ventricular 
systolic pressure. The right atrium and ventricle, however, were huge. These records are to be compared with these 
in Figure 5, in which the hemodynamic situation was equivalent, yet the horizontal vectorial display was markedly 


dissimilar. 


In the group of one hundred cases of ordinary 
atrial septal defect (ostium secundum tyre) 
mentioned, there were seven instances in which 
the frontal vectorcardiogram showed the QRS 
loop to be above the isoelectric line, with a 
counterclockwise sequential rotation of the in- 
stantaneous vectors. In six of the seven cases, 
the frontal vectorcardiogram was of the figure- 
of-eight configuration. 

The additional studies of Toscano-Barboza 
and DuShane,”* on electrocardiographic-hemo- 
dynamic relationships in ventricular septal 
defect, are pertinent to this present study and 
communication, particularly in respect to that 
group of cases in which there was evidence of 
right ventricular volume (or diastolic) over- 
loading. In the subgroup of these patients, 
in which the major defect was a ventricular 
septal defect, but in which the electrocardio- 
grams showed evidence of volume overloading 
of the right ventricle, some associated condi- 


tion was present, such as atrial septal defect, 
tricuspid insufficiency or anomalous pulmonary 
veins entering the right atrium. 


ANALYSIS OF THE ELECTROCARDIOGRAPHIC 
FINDINGS 


QRS Vectors: It may be emphasized that 
vectorial analysis reconstructing the vectorial 
display from the scalar leads, or directly re- 
cording the vectorcardiogram, allows one to 
appreciate the condition present more simply 
and more rapidly. However, it is not essential 
in one’s diagnostic approach. Much refine- 
ment is possible in future vectorcardiographic 
analyses, and more exact differentiating fea- 
tures are likely to be forthcoming. The 
important part is the rapid progression of the 
initial vectors into the left axis quadrant above 
the isoelectric line, forming a loop that rotates 
counterclockwise and continues to the right, 
dependent on a degree of delay in right ventric- 
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Fic. 5. 


atrial septal defect (partial atrioventricular canal type). 


Electrocardiograms and vectorcardiograms (Grishman cube system?’) of a sixteen year old patient with a low 
There was no interventricular communication, but there 


was a Cleft mitral valve with only slight (grade 1) insufficiency. A large left-to-right shunt was present at atrial level, 
and right ventricular systolic pressure before repair was 40 mm. Hg. Attention is directed particularly to the QS 
complex present in the right precordial lead, despite the large right ventricle. 


ular excitation or on right ventricular hyper- 
trophy. The variations may be seen in Figures 
2 to 8, inclusive. Attention is directed to the 
stereotyped electrocardiographic picture, of 
which Figures 2 and 3 are typical examples. 
An unusual case wherein all the vectorial 
forces were of the left ventricular type; 2.e., 
a QS deflection in the right precordial lead 
(Fig. 5), has special interest, since the large 
left-to-right shunt was present at the atrial 
level and the mitral insufficiency was only 
graded 1 by the surgeon. 

In the scalar leads, the characteristic feature 
is the deep S in leads 1, m1 and aVF. Often 
there is an rSr’ configuration in the latter two 
leads and a qR in lead aVL. Correlating with 
the q in lead aVL are the initial vectors of the 
frontal vectorcardiogram in the +120° zone. 

The figure-of-eight loop, first directed to the 
right and then to the left about the horizontal 


line (characteristically categorized in the scalar - 


leads by an rSR’ of relatively low voltage in 
leads m1 and aVF), is both less frequent and 
less valuable, diagnostically, than the broad, 
open loop oriented superiorly, already described 
as being nearly pathognomonic of an atrio- 
ventricular cushion defect. The type of elec- 
trocardiogram does not differentiate between 
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complete and incomplete atrioventricular cush- 
ion defect. 

To illustrate the difference in electrocardio- 
grams between the patient with an atrioventric- 
ular commune type of defect and the patient 
with a ventricular septal defect, the cases of 
two sisters may be cited. The one, aged twelve 
years, who had a ventricular septal defect and 
moderate pulmonary hypertension, had an 
electrocardiogram crudely similar to that of 
her sister, aged eighteen years, who had a 
partial form of an atrioventricular commune 
with a large, low atrial septal defect and a 
mild insufficiency of the mitral valve. The 
relative left ventricular sizes could be considered 
equivalent. In the younger girl with the ven- 
tricular septal defect, the frontal vectorial 
display was that of a figure-of-eight double 
loop, the initial loop being at +40° and the 
second, more slowly inscribed loop being dia- 
metrically opposite in the other quadrant at 
+225°. The older girl with the atrioventricular 
commune also had a figure-of-eight type of loop, 
with an early loop inscribed at —30° and a 
second at +165°. 

P Waves: In patients with mitral insuffi- 
ciency and a small atrial septal defect of the 
atrioventricular canal variety, the electrocardio- 
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Fic. 6. Records of a four year old boy who had a common atrium and cleft anterior (aortic) mitral leaflet. The mitral 
insufficiency was moderate (grade 2). Before repair, systolic pressure in the pulmonary artery was 50 mm. Hg, and 
the aortic systolic pressure was 95. (As in other vectorcardiograms, the modulation inscriptions are at 2.5 msec.) 


aVR aVL 


Fic. 7. Records of a nineteen year old girl with a common atrium and mitral insufficiency, grade 2 (on a basis of 
1 to 4). The left-to-right shunt was calculated from catheterization data as 56 per cent, and the right-to-left shunt as 
44 percent. Before repair, right ventricular systolic pressure was 75 mm. Hg, and left ventricular pressure, 85 mm. 
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Fic. 8. 
ficiency (grade 3). 
was 90 mm. Hg, the left 100 mm. 


gram may or may not reflect the enlarged left 
atrium with notched broad P waves in lead 
1 or 11, or both, and a marked negative compo- 
nent of a diphasic P wave in the right precordial 
lead. 

In four patients, in whom the surgeon judged 
no mitral incompetence to be present, the elec- 
trocardiograms fitted the diagnosis, having 
left axis deviation; but the voltage of the QRS 
was of a lower order. 

In answer to the question of how well the 
electrocardiogram may reflect enlargement of 
specific chambers, the generalization already 
made, namely, that from the electrocardio- 
gram the clinician can often predict the dy- 
namic circulatory state and the concomitant 
relative sizes of the chambers, is as much of a 
conclusion as this study permits. In some 
cases, very typical ‘‘P mitrale” waves may be 
seen, with rather wide notched P waves and a 
diphasic configuration in the right precordial 
area. While, in certain instances, these have 
fitted well with a recognized left atrial en- 
largement, the correlation has not been uni- 
form. The same conclusion pertains to the 
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Records of a five year old boy with a complete form of atrioventricular canal and moderate valvular insuf- 
The right ventricle was grossly enlarged, the left moderately so. The right ventricular pressure 
It is in this type of record that a single mean axis is not particularly meaningful. 


high voltage, peaked P waves in leads u and in 
and in the right precordial leads, as evidence of 
right atrial enlargement, in that these are 
frequently present but may not always be so. 

Q Wave in Lead V,:; Of our group of eighty- 
six patients, 70 per cent had a Q wave in 
lead Ve, in contrast to 35 per cent of the one 
hundred cases of ordinary atrial septal defect 
studied by Toscano-Barboza and his co-work- 
ers.2>. This leads to the conclusion that a Q 
wave in lead V6, per se, is twice as likely to be 
present in defects of the atrioventricular canal 
type and that the discriminatory value might 
be further augmented if, from a group of cases 
of ordinary atrial septal defect (ostium secun- 
dum), one should exclude those in which 
clinically recognized conditions are causing 
an increased load on the left ventricle (¢.g., 
systemic hypertension) and if, with the same 
group of cases, one should make technically 
certain that the electrode is correctly placed in 
the 6 position. 

Prolonged P-R Intervals: An additional fea- 
ture that is frequently present in the electro- 
cardiograms of patients with defects in the 
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region of the atrioventricular canal is a pro- 
longed P-R interval, this sign being present 
in approximately 60 per cent of our patients 
as compared to approximately 15 per cent of 
patients with ordinary atrial septal defect.?° 
In the group of patients with deformities in the 
region of the atrioventricular valve, the pres- 
ence or absence of a prolonged P-R interval 
has no discriminatory value in_ indicating 
whether the defect is of the partial or complete 
variety. The P-R interval is not necessarily 
a fixed feature. Thus, we found it to shorten, 
in one case, from 0.26 to 0.20 second and, in 
another, from 0.20 to 0.16 second in a few days 
following surgical treatment. 


Tue Basic CONGENITAL ABERRATION UNDER- 
LYING THE UNUSUAL ELECTROCARDIOGRAM 


Our hypothesis is that the basic electrocar- 
diographic abnormality is related to an anom- 
alous left bundle branch system. Recordings 
of potentials from the cavities and surfaces of 
‘the ventricles made at the time of operation 
have given support to such a thesis, although 
this study is not completed. The method, 
which involves a limited survey of the epicardial 
surface, has serious limitations both in regard 
to the number of points that may be recorded 
and, in our system, in regard to the fact that 
only one point at a time is recorded along with a 
reference lead.* It seems possible that this 
approach will not give a conclusive and defini- 
tive answer, but certain statements seem valid. 

The potentials from the right and left ventric- 
ular cavities have been of the normal configu- 
ration for the respective cavity; this would be 
strong evidence against there being a partial 
left bundle branch block. Similar records of 
cavity potentials have been recorded by Giraud 
and his co-workers.'® In our work, preselected 
epicardial reference points were used at first. 
They revealed that the posterior and lateral 
epicardial surfaces were excited at a normal time. 
It was noted that early or immediate excitation 
of the epicardium in the anterior interventric- 
ular groove was not as uniformly present as 
it was reported to be in the literature”*:?* and 


* A twin-beam Sanborn electrocardiograph was used 
in the surgical theater, a peripheral limb lead being em- 
ployed as reference. The exploring electrode was at 


first a unipolar one, but later proximity electrodes 1 mm. 
apart, set in a plastic head 5 mm. in diameter, were used. 
With a paper speed of 50 mm. per second, the minimal 
time interval that was reasonable to measure was 0.005 
second. 
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as it was seen by us in control cases. Further 
detailed exploration in two recent cases has re- 
vealed no early excitation (i.¢., within 0.000 
to 0.005 second after onset of QRS in the 
reference lead) of this area. This would fit 
into the theory that early left ventricular forces 
could be related to the advancing excitation 
front in the posterolateral wall of the ventricle, 
with the usual early balancing excitation front 
in the anterior wall being lacking because of 
delay and irregularity of its plane. It should 
be emphasized that the preliminary data are 
inadequate to prove this concept. Our con- 
temporary theory offered herein, for the secret 
of the displayed unusual mean cardiac vectors, 
is the possibility of a different orientation of the 
advancing fronts of depolarization dependent 
upon congenital absence of a portion of the 
left bundle branch system. 


COMMENT 


The question arises as to whether it is possible 
to reconcile the conflicting opinions regarding 
the authenticity of a specific electrophysiologic 
aberration in defects of the lower atrial septum 
(generically grouped as atrioventricular cush- 
ion anomalies) and the importance of the 
role played by mitral incompetence. It would 
appear that those investigators With a fairly 
large number of patients support the view that 
the conduction defect is characteristic of the 
lower atrial defect, while those with fewer 
cases, even though they are observers of re- 
nown in the field of congenital heart defects, 
do not endorse it. This hardly explains the 
discrepancy; but if the latter group should ac- 
cent that part of their experience wherein 
patients with ordinary atrial septal defect, 
ventricular septal defect, patent ductus or com- 
bined lesions have left axis deviation, it would 
dilute the importance of such electrocardio- 
graphic features as being of diagnostic validity 
in their patients with defects of the atrioven- 
tricular cushion type. 

As the inquisition is turned toward ourselves, 
the question arises whether prejudice or con- 
viction has led us to ignore the records that are 
contrary to our view. It is true that we have 
sent a few patients to operation with the diag- 
nosis of probable or possible atrioventricular 
cushion defect only to have the surgeon find 
an “ordinary type’ of atrial or ventricular 
septal defect (or both). On the other hand, 
however, in the past three years, we have not 
sent to operation a patient with the diagnosis of 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
| 
| 
| 
port 
1; 
/ 
1 
| 
Witte 
i 
i 
14 
ay 


Atrioventricular Cushion Defects 


ordinary atrial septal defect (ostium secundum) 
who did not have this lesion. 

It should be understood that, in rare in- 
stances, the electrocardiograms of other con- 
genital defects, such as tricuspid atresia, may 
have a roughly similar form. We have en- 
countered only one patient whose electrocardio- 
gram was entirely characteristic of the atrio- 
ventricular cushion defect (the QRS loop in 
the frontal plane being completely above the 
isoelectric point) who was found at operation 
to have a ventricular septal defect. The sur- 
geon noted that the defect probably extended 
backward more than usual, but the case would 
have to be categorized as that of an ordinary 
ventricular septal defect. 

Emphasis should be placed upon the excep- 
tions to any diagnostic axiom, and the medical 
literature already quoted indicates that the 
relation of the described left axis deviation and 
vectorial display to defects of the atrioventric- 
ular cushion type is not an absolute one. It 
is interesting to note that we have encountered 
so few exceptions, and we would submit that 
the relationship is a phenomenal and es- 
tablished one. 


SUMMARY 


The electrocardiogram is the most important 
single item in alerting the physician to the 
diagnosis of congenital cardiac anomalies stem- 
ming from defective formation of the atrioven- 
tricular canal. It is characterized by left axis 
deviation with the early manifest frontal vector 
characteristically in the 0° to —60° zone. 
The tracings usually show evidence of enlarge- 
ment of the right ventricle, particularly an rSR 
configuration in right precordial leads, the 
picture of volume overloading of the right ven- 
tricle. Different hemodynamic profiles (for 
instance, the amount of shunting at the atrial 
and ventricular levels, the degree of mitral 
insufficiency and the pulmonary hypertensive 
level) will be additively reflected in the basic 
electrocardiographic pattern. The typical elec- 
trocardiogram may be encountered occasionally 
in other types of congenital heart disease, 
particularly ventricular septal defects located 
posteriorly under the septal tricuspid leaflet. 
It is believed that the electrocardiographic 
pattern is related to a congenital aberration of 
the left bundle branch system. 
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Differential 


Diagnosis 


Between Persistent 


Atrioventricular Canal and the Combination 


of Atrial and Ventricular Septal Defects’ 


J. Esprno-VELA, M.D., F.A.c.c., S. MurAD-NETTO, M.D. and V. Rusio-ALVAREZ, M.D. 


Mexico City, Mexico 


E HAVE BEEN impressed by the frequency 
withwhich two different types of anatomic 
patterns give rise to similar clinical, hemody- 
namic and electrocardiographic findings. Sev- 
eral examples may be cited: A high ventricular 
septal defect with aortic regurgitation may 
simulate patent ductus arteriosus,” transposi- 
tion of the great vessels with pulmonary stenosis 
may simulate tetralogy of Fallot* and the com- 
bination of atrial and ventricular septal defects 
may be confused with true persistent A-V canal. 
This is the subject of the following presentation. 
Our observations are based on studies of nine 
patients with combined atrial and ventricular 
septal defects and five patients with persistent 
A-V canal. In the group with combined septal 
defects, the diagnosis was confirmed at autopsy 
in three cases and at surgery in one. In the 
remaining five cases, the diagnosis was suggested 
by the data obtained by cardiac catheterization 
and angiocardiography. In the second group 
with persistent A-V canal, the diagnosis was 
proved at autopsy in three cases and at surgery 
in two. 


ANATOMY 


There is great anatomic difference between 
the combination of auricular septal defect and 
ventricular septal defect (ASD plus VSD) and 
persistent A-V canal. Three autopsy specimens 
showing combined septal defects, which we have 
studied, show widely patent foramina ovalii 
(Fig. 1) at the auricular level. Extensive re- 
absorption of the septum primum and incom- 
plete development of the septum secundum ac- 
count for this patency. This defect should 
probably not be designated as the “secundum” 


type, as currently used. An ostium secundum 
is a rare malformation. Its abnormal patency 
after birth is unusual and it is located at a high 
level of the auricular septum,‘ near the superior 
vena Cava (Fig. 2). 

The ventricular septal defect is of the middle 
basal type;® i.e., the one currently described 
(and adequately so) as the membranous type of 
ventricular septal defect. In persistent A-V 
canal, failure of the dorsal and ventral cushions 
of the primitive A-V canal to meet in the midline 
is responsible for the low type of atrial septal de- 
fect (ostium primum), together with a posterior 
basal ventricular septal defect (Fig. 2). The 
degree of separation between the dorsal and 
ventral cushions will determine the size of the 
A-V canal. The smallest size would correspond 
to the so-called incomplete form of A-V canal,® 
which is an ostium primum with minimal, if 
any, ventricular septal defect and mitral regurgi- 
tation. The higher position of the internal 
leaflet of this cleft valve is responsible for this 
behavior. 


PHyYsSIOPATHOLOGY 


In ASD plus VSD, as far as we have been able 
to ascertain, there is passage of arterial blood 
from left to right at both the auricular and 
ventricular levels. This causes a _ variable 
amount of increased flow through the lungs and 
hypertension in the lesser circuit. Although this 


' hypertension may be slight, some subjects may 


show considerable elevation of pressure. On 
occasion a mixed shunt may take place with re- 
sulting slight peripheral arterial unsaturation. 
In persistent A-V canal, especially the complete 
form, which is the one more easily confused with 


* From the Department of Congenital Heart Disease and Hemodynamics, Instituto Nacional de Cardiologia, Mexico 


City, Mexico. 
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Fic. 1. Case 1. The heart of a ten year old girl on 
whom surgery was attempted for closure of the atrial sep- 
tal defect. The atrial defect was a widely patent fora- 
men ovale. The ventricular septal defect, indicated by 
. the arrow, was a “‘membranous”’ type of defect, just 
slightly covered by the septal leaflet of the tricuspid 
valve. 


the condition under discussion, a left-to-right 
shunt is always present. Here, too, hyperten- 
sion develops in the right side of the heart, with 
the not uncommon possibility of a right-to-left 
shunt.”.® 


CLINICAL FINDINGS 


The diagnosis of a congenital malformation 
associated with increased pulmonary flow may 
be suggested by a past history of repeated 
respiratory infections and physical underde- 
velopment. More important are the physical 


Fic. 3. 
combined atrial and ventricular septal defects. 


FORAMEN SECUNDUM 


SEPTUM PRIMUM 


FORAMEN PRIMUM 


svc 


SEPTUM 


FORAMEN SECUNDUM 
ROBE PATENT FORAMEN 
OVALE 


Fic. 2. Diagram which illustrates two stages in the 
embryological development of the atrial septums. The 
upper figures show a stage which demonstrates the pres- 
ence of an ostium primum, when the dorsal and ventral 
cushions of the atrioventricular canal (indicated by 
the arrows) have not met in the middle. In the lower 
figure, these cushions have come in close contact and 
the foramen primum has been occluded. Note, in the 
upper figure, that the foramen secundum is still patent. 


findings which suggest that, in addition to 
ventricular septal defect, an atrial ‘septal defect is 
present. Signs consistent with pulmonary hy- 
pertension are usually present, including ac- 
centuated second pulmonary sound. While one 
is justified in diagnosing a ventricular septal 
defect on the basis of a harsh systolic murmur 
and thrill over the lower left sternal margin, 
doubt arises when the same murmur, or perhaps 
a different murmur, is heard higher, at the 


Case 8. Telecroentgenograms (left-oblique, posteroanterior and right-oblique views) of a proved case of 
In addition to the right-sided enlargement and the profuse vascu- 


larity of the lungs, note the suggestion of left atrial and ventricular enlargement. 
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Fic. 4. Case 4. Electrocardiogram of one of the pa- 
tients suspected of having atrial and ventricular septal 
defects. The atrial defect was repaired surgically. The 
outstanding features of this tracing are the left axis devia- 
tion, the incomplete right bundle branch block (RSR’ 
in lead V;) and suggestive signs of both right and left 
ventricular enlargement. . 


second left intercostal space, and particularly 
when the second pulmonary sound is constantly 
and widely split. In our experience, this would 
suggest the additional presence of an atrial 
septal defect rather than isolated ventricular 
septal defect. In reviewing our material, we 
note that, on purely clinical grounds, we have 
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been more prone to make the diagnosis of 
ventricular septal defect, but in half the cases, 
the presence of an added atrial septal defect was 
suspected. 


X-RAY FINDINGS 


Radiologically, the picture is usually con- 
sistent with the diagnosis of a malformation 
which causes more or less marked left-to-right 
shunt, expressed by enlargement of the right 
cardiac chambers, the pulmonary artery and the 
hilar vessels. Because this combination of 
malformations is difficult to diagnose, one is 
forced to suspect the diagnosis by elimination. 
Should the x-ray picture be suggestive of an 
atrial septal defect, one can almost certainly rule 
this out as the only diagnosis because there is en- 
largement of the left cardiac chambers, which is 
more consistent with the diagnosis of ventricular 
septal defect. This diagnosis cannot be clearly 
differentiated from persistent A-V canal (Figs. 
3 and 8). 


ELECTROCARDIOGRAPHY 


Electrocardiograms provide a most interesting 
clue. They show the features classically de- 
scribed for atrial septal defect; namely, a partial 
right bundle branch block (RSR’ in lead V;) 
and suggestive evidence of right ventricular 
hypertrophy. Features commonly seen in ven- 
tricular septal defect are also present, particu- 
larly those expressing biventricular hypertrophy. 
It can only be suspected that the defect is, in all 
probability, not isolated, but either a persistent 
A-V canal or a combination of ASD plus VSD. 
In other words, there is the association of the 
following helpful data: (1) left axis deviation 
with a polyphasic complex in lead m, (2) right 
bundle branch block and (3) signs of either 
left atrial or left ventricular enlargement, but 
usually both (Fig. 4). 


HEMODYNAMIC FINDINGS 


Cardiac catheterization studies have given us 
valuable information, as may be seen from the 
data in Table 1. 

Gas analysis data, suggestive of the diagnosis 
under discussion, show a first step-up of oxygen 
content at the atrial level of 2 to 3 volumes per 
cent and a second step-up of variable magnitude 
at the ventricular level. In our cases, first 
oxygen step-up varied from 1.97 to 3.12 vol- 
umes percent. The second step-up, when high, 
is a reliable sign. It was present in five sub- 
jects in whom it ranged between 1.05 and 2 
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TABLE I 
Hemodynamic Data in Combined Atrial and Ventricular Septal Defects 


Pressures 
(mm. Hg) 


Gas Analysis 


O2 Content (vol. %) Pulmonary 


Flow 
BA (L./min.) 
or 


LV 


Autopsy and cathe- 
terization 
Angiocardiography 


13.50 89/4.2 
(86.3%) 
18.7 31/1 
(98.4%) 
12.36 35/2.4 61/39 
(97.2%) 
14.27 49/1.9 
(90.8%) 
15.94 40/0.6 
(96.5%) 
16.47 76/4 
(96.5%) 
15.68 80/4 
(82.4%) 


101/67 


108/2.7 Operation 


Angiocardiography 


Nore: SVC = superior vena cava. RA = right atrium. RV = right ventricle. PA = pulmonary artery. LA = left atrium. BA = bra- 


chial artery. LV = left ventricle. 


‘volumes per cent. In the other two subjects, 
the step-up was minimal. 

Right ventricular pressure: It has been our ex- 
perience that an atrial septal defect does not 
usually produce a marked elevation of right 
ventricular pressure. While some subjects have 


Fic. 5. Case 1. X-ray film taken during catheteriza- 
tion of the patient depicted in Figure 1. One catheter 
entered the heart from the saphenous vein (Dotter- 
Lukas catheter); its balloon is in the left auricle and it 
occludes the atrial septal defect. The second catheter 
entered from the left arm into the superior vena cava, 
right atrium, right ventricle and pulmonary artery. 
The second catheter (double exposed) detected a left-to- 
right shunt at the ventricular level, thus suggesting the 
diagnosis of a ventricular septal defect. 


slight pressure elevation, those with readings 
above 70 mm. Hg should be suspected of having 
a complicated atrial septal defect, as seen in 
three of our subjects (Cases 1, 6 and 7). 


SPECIALIZED Tests DuRING CATHETERIZATION 


Several specialized tests during cardiac cathe- 
terization may aid in the diagnosis of this condi- 
tion: 

Occlusion of the Atrial Septal Defect: This may 
be attempted (Fig. 5) with the Dotter-Lukas 
catheter® while another catheter is introduced 
simultaneously into the right ventricle. This 
second catheter will detect a left-to-right shunt 
at the ventricular level. While this test may be 
of aid in the diagnosis, there are several possible 
causes for error: (1) The second left-to-right 
shunt may be produced by the presence of an 
anomalous pulmonary venous connection, which 
becomes evident at the ventricular level although 
beginning at the atrial level. This, incidentally, 
was the interpretation erroneously given in one 
of our cases proved at autopsy (Case 1). (2) 
A second shunt is also possible at the ventricular 
level in cases of persistent A-V canal. 

Passage of Catheter through a Ventricular Septal De- 
fect: In favor of persistent A-V canal, and 
against the diagnosis of ASD plus VSD, is the 
passage of the catheter from the left to the right 
ventricle.* This is possible by introducing the 
catheter into the left atrium through the atrial 
septal defect, from where it is pushed into the 
left ventricle. Pull-out pressure recordings show 
the high left ventricular pressure, the moderately 
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Case | Age i i 
ie ie RA RV PA LA BA RV PA | L. 

oe 1 | 10 8.55 | 11.25 | 12.30 | 11.90 | 13.90 11.88 

hes 2 6 | 11.75 | 14.05 | 15.96 | 15.50 san 3.6 

Lig 3 5 7.99 9.96 | 11.95 | 11.95 ate 5.4 ine 
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sate 4 9 9.15 | 12.27 | 12.82 | 12.65 | 12.40 

ts 5 | 35 | 13.25 | 15.43 | 15.73 | 16.55 | 15.70 21.0 | 
mp 6 | 14 | 11.98 | 14.56 | 16.03 | 15.60 pe va Rat 
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Fic. 6. Case 5. Continuous pressure record of the patient depicted in Figure 8. The ae tracing (below) seems 
to indicate that the catheter was easily withdrawn from the left ventricle (LV) into the right ventricle (RV) 
before entering the right auricle (RA). This sequence of events is suggestive of the diagnosis of persistent A-V 


canal. D2 = lead n. 

elevated right ventricular pressure and, finally, 

the right atrial pressure (Fig. 6). Oxygen Pressures 
Selective Angiocardiography: This method may ie (mm. Hg) 

prove to be a useful means of solving the prob- (vol. 7o) 

lem. In one of our subjects, the opaque 

substance was injected into the right auricle. iy = = 

Films were taken at half-second intervals. RV 15.73 40/6 

The first of a series of eight films shows the left PA 16.55 33/15 (24) 

ventricle filled and a gradual refilling of the LA 15.70 (5) 

right ventricle (Fig. 7). LV 15.94 (96%) 84/7 (31) 

BA 102/56 (71) 


ILLUSTRATIVE CASE REPORT 


The following case illustrates the diagnostic 
difficulties between these two conditions. 


Case 5. O. G. was a thirty-five year old man who 
complained of moderate dyspnea on effort and pal- 
pitation. Physical examination revealed the cardiac 
apex to be at the fifth left intercostal space, somewhat 
to the left of the mid-clavicular line. A coarse sys- 
tolic thrill was felt at the fourth and fifth left inter- 
costal spaces and a harsh grade 3 systolic murmur was 
heard at the same site. The second pulmonary sound 
was accentuated and split. The diagnosis of ven- 
tricular septal defect was postulated clinically. Be- 
cause of the wide splitting of the second pulmonic 
sound, the possibility of an added malformation was 
entertained. 

X-ray examination revealed slight-to-moderate 
cardiomegaly, with slight prominence of the pul- 
monary segment and increased lung vascularity 
(Fig. 8). There was questionable enlargement of the 
left atrium and minimal enlargement of the right 
ventricle. The electrocardiogram revealed left axis 
deviation, partial right bundle branch block and sug- 
gestive signs of left ventricular enlargement (Fig. 9). 
These findings were suggestive of the diagnosis of 
persistent A-V canal. 

Catheterization was performed with the following re- 
sults (see Table 1 for abbreviations) : 
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It was in this case that a continuous pressure trac- 
ing was recorded as the catheter was withdrawn from 
the left ventricle into the right ventricle and then 
into the right auricle (Fig. 6). This peculiar mor- 
phology seems to be an important diagnostic sign in 
persistent A-V canal.® 

Angiocardiography of this case may be summarized 
as follows: The opaque substance was injected 
directly into the left ventricle, where the catheter was 
placed after passing through an atrial septal defect» 
(Fig. 8). Films were taken at half-second intervals. 
The opaque substance was visualized in the pul- 
monary artery at the end of the injection. Film 2 
(Fig. 8, lower right) shows passage of opaque sub- 
stance from left to right in the form of a jet. The 
other films show gradually progressive filling of the 
right ventricle and pulmonary vascular network. 
This angiocardiogram was highly suggestive of the 
presence of a ventricular septal defect with a left-to- 
right shunt. Yet one is forced to admit that, despite 
the appearance of a jet-like stream of opaque sub- 
stance between the left and right ventricles, it is prac- 
tically impossible to decide whether this is an isolated 
ventricular septal defect or if it is the ventricular 
part of a large persistent A-V canal. Against the 
latter diagnosis is the failure of the left atrium to fill 
from the left ventricle in a retrograde fashion. How- 
ever, this is not a deciding element. It would only 
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A B 


(2) 


Cc 
Fic. 7. Case 2. A conventional angiocardiogram obtained by injecting the opaque substance directly into the 
superior vena cava. In this case an atrial septal defect was entered with the catheter. The angiocardiogram seems 
to demonstrate an added ventricular septal defect because the last two films (7 and 8) show filling of the right 
ventricle from the left ventricle. A and B are films 1 and 2, C and D are films 7 and 8. 
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Fic. 8. Case 5. Teleoroentgenogram and angiocardiogram of a thirty-five year old patient in whom the final 
diagnosis is still in doubt since elements of persistent A-V canal, as well as of the combination of atrial and ventricular 
septal defects, are present. A, B and C are the posteroanterior, leit-oblique and right-oblique teleoroentgenograms. 
Note the relative smallness of the heart with profuse vascularity of the lungs. Left-sided enlargement is not 
apparent. D is film 2 of the angiocardiogram taken with the catheter in the left ventricle. The septum is clearly 
visualized, the pulmonary artery is seen faintly filled- with opaque substance and, just below the origin of the aorta, 
a stream of opaque substance is seen to enter the right ventricle. This is good evidence of a left-to-right shunt but 
it is difficult to decide whether it is an isolated ventricular septal defect or a persistent A-V canal. The fact that 
the left atrium did not fill from the left ventricle would perhaps cast some doubt on the latter diagnosis. 
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Fic. 9. Case 5. Electrocardiogram of the patient de- 
picted in Figure 8. Note the left axis deviation, the par- 
tial right bundle branch block and the suggestive signs 
of left ventricular enlargement, i.e., tall peaked T wave 
in leads V; and Vj. 


mean that if the lesion is an A-V canal, there is no 
demonstrable mitral regurgitation.” 


COMMENT ON SURGERY 


The diagnosis of isolated atrial septal defect, if 
a given case is found operable, is followed by a 
relatively simple and curative operation. How- 


ever, when an associated ventricular septal de- 
fect is suspected, either in the isolated form or as 
one of the anatomical components of persistent 
A-V canal, surgery, if justified, is certainly a 
more risky procedure requiring a difficult open 
heart technic. 

The need for an accurate diagnosis may be 
illustrated by our brief surgical experience with 
two subjects. One of them (Case 1), a ten year 
old girl, was operated on with the diagnosis of 
atrial septal defect, “‘possibly of the ostium pri- 
mum type.” Technical difficulties and the de- 
velopment of a severe arrhythmia made it im- 
possible to attempt surgical closure of the atrial 
septal defect (Fig. 1). The patient made a poor 
recovery and died a few days later with a severe 
pericarditis. It is obvious that if the atrial 
septal defect had been successfully operated 
upon, there would still have been the problem of 
the ventricular septal defect. The second pa- 
tient (Case 4) was a nine year old girl in whom 
the tentative clinical diagnosis was ventricular 
septal defect, possibly associated with an atrial 
septal defect. Catheterization proved the pres- 
ence of an atrial septal defect. This was suc- 
cessfully repaired. However, the child still has 
a loud harsh systolic murmur over the mid- 
precordial area and still has, as she did 
preoperatively, left-sided cardiat overloading, 
which cannot be attributed solely to the atrial 
septal defect (Fig. 4). For this reason, it is be- 
lieved that she has an added ventricular septal 
defect. 


SUMMARY and CONCLUSIONS 


A series of nine subjects with the combination 
of ASD plus VSD and five subjects with A-V 
canal were studied. The differential diagnosis 
between these two conditions poses a difficult 
problem, since both have quite similar clinical, 
radiological and electrocardiographic features. 
Both have some degree of right-sided and left- 
sided cardiac overloading. Clinically, the sus- 
picion of either of these conditions as opposed to 
isolated atrial septal defect or isolated ventricular 
septal defect is based on the presence of a low 
systolic murmur over the third to the fourth or 
fifth left intercostal spaces. In addition, a 
systolic murmur is commonly heard at the pul- 
monary area and the second pulmonary sound is 
both loud and split. 

Radiologically, right-sided cardiac enlarge- 
ment, increased vascular markings and a sug- 
gestion of left auricular and/or left ventricular 
enlargement leads to the belief that atrial septal 
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defect and ventricular septal defect, either com- 
bined or forming part of a single entity (per- 
sistent A-V canal), are present. 

Electrocardiographically, left axis deviation in 
the presence of partial right bundle branch block 
and signs of biventricular hypertrophy suggest 
either diagnosis. 

Specialized studies aid in the differential 
diagnosis but these, too, have some limitations. 
The most useful have proved to be: 

1. Catheterization, when the following data 
are present: (a) a left-to-right shunt at the 
auricular level; (b) another significant left-to- 
right shunt at the ventricular level; (c) the 
passage of the catheter through an atrial septal 
defect into the left auricle in a high position 
(these findings were present in seven cases); 
(d) the direct passage of the catheter from the 
left to the right ventricle would be suggestive of 
persistent A-V canal, when the left ventricle is 
entered from an atrial septa! defect; (e) 
occlusion of the atrial septal defect with a Dot- 
ter-Lukas catheter would allow another catheter, 
simultaneously placed in the right ventricle, to 
detect a left-to-right shunt at the ventricular 
level (this method confirmed the diagnosis in 
one of our autopsy subjects, Case 1). 

2. Angiocardiography. The injection of 
opaque substance directly into the left ventricle 
should give early filling of the right ventricle 
through a ventricular septal defect, as in Cases 2 
and 5, and may show the site and size of the 
defect. Mitral regurgitation during this pro- 
cedure, i.e., early filling of the left atrium from 
the left ventricle, would be more in favor of 
persistent A-V canal than of combined atrial and 
ventricular septal defects. 
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Surgical Management of Persistent 
Common Atrioventricular Canal’ 


F. Henry E Jr., M.pv., Dwight C. McGoon, m.p. and Joun W. KirKLIN, M.D. 


Rochester, Minnesota 


ASSIFICATION of congenital heart defects on 
Gyn basis of detailed anatomy has been 
greatly stimulated by recent progress in open 
heart surgery. The anatomy of interatrial 
communications, which constitute one of the 
common varieties of congenital heart lesions, 
has been re-emphasized in recent years and 
valuable contributions toward the accurate 


. Clinical diagnosis of these lesions have been 


made. Since surgical treatment is available for 
nearly all varieties of these lesions, the practical 
importance of their identification is evident. 


CLASSIFICATION 


A classification of interatrial communications 
indicates the existence of a number of distinct 
anatomic and clinical varieties of this condition 
(Table 1). The anomalies with which we are 
concerned in this presentation are classified 
under the general heading of “endocardial 
cushion defect.” Recently, two of us and an 
associate! published the results of an experience 
with these endocardial cushion defects, in 
general. This presentation is limited to a review 
of the concepts-concerning the variety of endo- 
cardial cushion defects known as “persistent 
common atrioventricular canal’’ and brings our 
experience with this malformation up to date. 

Rogers and Edwards’? suggested the term 
“persistent common atrioventricular ostium” 
and, later, Wakai and Edwards* employed the 
term “persistent common atrioventricular ca- 
nal” and divided the condition into the partial 
and complete forms. The term “endocardial 
cushion defect,” previously proposed by Watkins 
and Gross,‘ has been adopted by us as a general 
heading for these defects and for other related 
ones. A detailed presentation of our experience 


with defects of the common atrium type has been 
published. 


EMBRYOLOGY 


The term “endocardial cushion defect’? seems 
appropriate when the embryology of this con- 
genital cardiac anomaly is recalled. The 
embryonic division of the heart into its four 
chambers involves the growth and final con- 
vergence of the atrial septum, the ventricular 


_ septum and the endocardial cushions.* Defec- 


tive development of the endocardial cushions, it 
is believed, is responsible in great part for the 
persistent common A-V canal. These two 
masses of tissue are located ventrally and dor- 
sally. They contribute to the development of 
the mitral and tricuspid valves by fusion in the 
midline and may play a part in the closure of the 
atrial and ventricular septums. Thus, it is 
clear that defective development of these endo- - 


TABLE | 
Types of Interatrial Communications 


Patent foramen ovale 
Atrial septal defect, usual type (ostium secundum type) 
Without anomalous pulmonary venous connection 
With anomalous pulmonary venous connection of right 
lung to right atrium 
With insufficiency of atrioventricular valves 
High atrial septal defect with anomalous pulmonary 
venous connection of right lung to superior vena 
cava (sinus venosus type of defect) 
Endocardial cushion defect 
Partial form of common atrioventricular canal (ostium 
primum defect with cleft mitral valve) 
Complete form of common atrioventricular canal 
Common atrium 
As an associated defect in the presence of a complicated 
anomaly such as total anomalous pulmonary 
venous connection 


* From the Section of Surgery, Mayo Clinic and Mayo Foundation, Rochester, Minnesota. The Mayo Founda- 
tion, Rochester, Minnesota, is a part of the Graduate School of the University of Minnesota. 
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cardial cushions can lead to a variety of con- 
genital.cardiac anomalies. 


PERSISTENT COMMON A-V CANAL 


Although transitional stages have been recog- 
nized, one can generally divide these defects into 
two main varieties: the partial and the complete 
form. 

Partial Form: This malformation is entitled by 
some, “ostium primum defect with mitral cleft.” 
There is no interventricular communication in it. 
The anterior leaflet of the mitral valve has ex- 
hibited a cleft or notch in all cases in this series. 
There is a defect between the two atria, the 
lowermost border of which is composed of an 
atrioventricular valve (Fig. 1). There may be 
a second defect in the region of the foramen 
ovale. Usually, the septal leaflet of the tri- 
cuspid valve is not cleft. Several cases of the 
partial form of this condition, in which a definite 
cleft in the tricuspid valve was present, are in- 
cluded in this series. 

Complete Form: In the complete form of the 
malformation under discussion, both the an- 
terior leaflet of the mitral valve and the septal 
leaflet of the tricuspid valve have clefts (Fig. 2). 
These two clefts ‘are continuous, forming a free 
communication between the free edges of the 


Fic. 1. Partial form of persistent common A-V canal. 
Note low-lying atrial septal defect and the cleft in the 
anterior leaflet of the mitral valve. The technic used for 
repair of the cleft mitral valve is shown in the inset. (Re- 
produced with permission of the authors and publisher.') 


anterior and posterior leaflets of the common 
atrioventricular valve (Fig. 2a). 

Between the two sides of the heart, there is a 
defect, which has an atrial and a ventricular 


Fic. 2. Complete form of persistent common A-V canal. 
communication (V.S.D.) should be noted. 
(c), new atrial septum in place. 
(Reproduced with permission of the authors and publisher.') 


tricuspid valves. 
tricular septal defects. 
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(a), large interventricular 


(b), suture of cleft in leaflets of mitral and 


(d), closure of both atrial and ven- 
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Fic. 3. Left, complete form of A-V canal with the ventricular septum largely intact. A 
continuous cleft extends across the anterior leaflet of the mitral valve and septal leaflet of 


the tricuspid valve, in addition to the characteristic interatrial communication. 


Right, 


repair of complete form of A-V canal without a pronounced interventricular communica- 
tion. (Reproduced with permission of the authors and publisher.') 


component. The atrial component is similar to 
that seen in the partial form of the malformation. 
Although the atrial component of the defect is 
rather uniform from case to case, the amount of 
ventricular septum, which forms the lower edge 
of the defect, varies. Inferior and anterior to 
the anterior leaflet of the common atrioven- 
tricular valve, the ventricular septum usually 
has a wide concave defect, allowing free inter- 
ventricular communication. This defect usu- 
ally extends posteriorly to involve the space 
under the cleft separating the anterior and pos- 
terior leaflets of the common atrioventricular 
valve. Inferior to the posterior leaflet there 
may be shortened chordae tendineae attached 
to the ventricular septum. Between these chor- 
dae are spaces allowing further interventricular 
communication. 

Occasionally, the defect in the interventricular 
septum is not extensive and may consist only of a 
small defect beneath the continuous cleft in the 
atrioventricular valve, combined with spaces be- 
tween shortened chordae tendineae joining the 
anterior and posterior leaflets to the ventricular 
septum (Fig. 3). 

CuinicAL DaTA 
As of July 1959, a total of sixty-six patients 


with persistent common A-V canal have under- 
gone repair at the Mayo Clinic, with extra- 
corporeal circulation being used (Table 1). 
Forty-seven of these patients have been reported 
on previously by two of us and an associate.’ 
Of the sixty-six patients, forty-eight had the 
partial form; their ages ranged from ten months 
to forty-nine years and averaged twelve years. 
Eighteen patients had the complete form of the 
malformation; their ages ranged from ten 
months to fifty-one years and averaged eight 
years. With the exception of one patient in 
the latter group, all were sixteen years of age or 
younger. 

Sixteen of the patients with the partial form of 
A-V canal had no symptoms, although each had 
objective evidence of significant hemodynamic 
disturbance. Only three had marked symp- 
toms, whereas eleven of the eighteen patients 
with the complete form had severe symptoms 
consisting of episodes of frank cardiac failure, 
attacks of pneumonia or marked exertional 
limitation. 

Significant pulmonary hypertension was found 
in sixteen of the forty-eight patients with the 
partial form of the defect, whereas in all but one 
of the eighteen patients with the complete form 
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TABLE 
Clinical Data on the Sixty-six Patients Undergoing Operations 


Age (yr.) Symptoms Pulmonary Hypertension* 
No. of 
Type of Defect Total 3 Marked None 
Cases | Average} Range Bam a8 or or Moderate | Severe 
crate | Severe Mild 
Partial A-V canal 48 12 10 mo. 29 3 32 11 5 
—49 
Complete A-V canal 18 8 10 mo. 7 11 1 4 13 
—51 


* Pulmonary artery systolic pressure between 40 and 70 mm. Hg indicates moderate pulmonary hypertension and 


that in excess of 70 mm., severe pulmonary hypertension. 


elevation of the pulmonary artery pressures was 
significant. In thirteen patients with the com- 
plete form, the pressure was markedly elevated, 
being in excess of 70 mm. Hg.* 


DIAGNOSIS 


In the partial form of A-V canal, the physical 
findings are similar in many respects to those en- 
countered in patients with atrial septal defects of 
the usual type. Yet, the presence of a harsh 
murmur along the lower left sternal border, at 
the apex, or at the sides, related to insufficiency of 
one or both of the atrioventricular valves, may 
differentiate patients with common A-V canal 
from those with ordinary atrial septal defect. 

The diagnostic value of the vectorcardiogram 
in this group of patients must be stressed. This 
subject is discussed in detail in another article in 
this symposium.® As pointed out by Toscano- 
Barboza and his associates,’ the characteristic 
finding in patients with persistent common 
A-V canal is a counterclockwise rotation in the 
frontal projection, usually above the isoelectric 
point, of the instantaneous vectors composing the 
QRS loop. In some instances, the frontal 
vectorcardiogram shows a characteristic narrow 
figure-of-eight configuration of the QRS loop. 

Occasionally, a similar vectoral loop will be 
seen in other forms of congenital heart disease. 
Toscano-Barboza and his associates’ found seven 
patients with vectorcardiograms similar to those 
described among one hundred patients with the 
ordinary type of atrial septal defect. Nine of 
fifty-six patients (15 per cent) with ventricular 
septal defects were found by Toscano-Barboza 
and DuShane® to have QRS vectors similar to 


* Pulmonary artery systolic pressure between 40 and 70 
mm. Hg indicates moderate pulmonary hypertension and 
that in excess of 70 mm., severe pulmonary hypertension. 
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the type described as characteristic of persistent 
common A-V canal. On the other hand, only 
one of the vectorcardiograms on our patients 
with persistent common A-V canal was some- 
what atypical of this condition. 


SuRGICAL REPAIR 


Open cardiotomy is obviously desirable for the 
repair of all forms of common A-V canal, and 
whole body perfusion is at present the best way of 
supporting the patient during intracardiac re- 
pair. All of the patients reported on herein 
have undergone open heart operations for which 
total cardiopulmonary bypass was attained by 
employing a Gibbon-Mayo pump oxygenator. 
In the majority of cases, a bilateral intercostal 
incision was used, although in some cases a right 
anterolateral incision was utilized. The mid- 
sternal incision has been used in recent cases and 
provides excellent exposure. 

Partial A-V Canal (Fig. 7): Closure of the cleft 
in the anterior leaflet of the mitral valve is an 
essential part of the repair whether or not mitral 
insufficiency is present. Interrupted sutures of 
5-0 silk are used for careful approximation of the 
cleft leaflet (Fig. 1 inset). This portion of the 
repair is carried out while the heart is beating to 
permit evaluation of the effectiveness of the re- 
pair. With the heart arrested by anoxia, the 
interatrial communication is closed with a 
prosthesis of woven Teflon.” A stitch is placed 
in the midpoint between the atrioventricular 
valves. The repair is carried out in a counter- 
clockwise direction, with either continuous or 
interrupted sutures, until the region of the coro- 
nary sinus isreached. Then the heart is started 
again by releasing the aortic clamp and the re- 
mainder of the repair of the interatrial defect 
is carried out with interrupted silk sutures while 
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Fic. 4. Thorax of patient with partial form of persistent common A-V canal. (a), before operation. (b), ten 


months after operation. 


the heart is beating. In this way, any inter- 


ference with the conduction system can be de- 
tected and the offending suture removed. 
Complete A-V Canal: Repair of the complete 


form of this anomaly is more difficult than repair 
of the partial form. The technic is far from 
standardized. One step involves suturing the 
anterior and posterior leaflets of the common 
atrioventricular valves together in the midline to 
obliterate the communicating cleft. Then the 
cleft anterior leaflet of the mitral valve and the 
cleft septal leaflet of the tricuspid valve are re- 
paired with interrupted silk sutures (Fig. 2b). 
When the interventricular communication is 
not pronounced, consisting mainly of spaces be- 
tween shortened chordae tendineae which join 
the leaflets of the common atrioventricular valve 
to the underlying septum, the repair may be 
completed easily from the atrial approach (Fig. 
3, left). A prosthesis is sutured in place to 
obliterate the interatrial communication (Fig. 
3, right). The lower margin of the prosthesis is 
sutured through leaflet tissue to engage the 
underlying ventricular tissue. Particular care 
must be taken to avoid injury to the bundle of 
His. 

When a large ventricular septal defect is 
present, this part of the repair may generally be 
undertaken as just described, or through an in- 
cision in the right ventricle. If the latter 
method is undertaken, anoxic cardiac arrest is 
employed, the right ventricle is opened, and 
the ventricular septal defect is repaired. A 


Note decrease in size of heart and normal pulmonary vascular markings. 


semicircular, somewhat teardrop-shaped pros- 
thesis has been employed in some cases, suturing 
it in place so that its base or straightest edge is 
attached to the under surface of the atrioventric- 
ular valvular tissue. The heart is re-started by 
releasing the aortic clamp, and the ventricular 
incision is closed. The remainder of the repair 
is completed through the incision in the atrium. 
A second prosthesis is inserted, the inferior edge 
of which is sutured through leaflet tissue to the 
underlying ventricular septal prosthesis (Fig. 
2c and 2d). It is not certain at present which 
of the two methods of managing the ventricular 
portion of the defect is preferable. 


RESULTS 


Partial A-V Canal: Two hospital deaths oc- 
curred among forty-eight patients in this group, 
a mortality rate of 4.2 per cent (Table m1). 
Two late deaths occurred as a result of a Stokes- 
Adams attack six weeks and nine months after 
operation. Besides these two patients with 
A-V dissociation, two patients have had this 
complication to date, but it has not caused them 
any particular difficulty. 

The repair has been judged as adequate in all 
surviving patients, and as complete in thirty-six 
of the surviving forty-four patients on the basis of 
operative and postoperative appraisals, which in- 
clude postoperative thoracic roentgenograms in 
many cases (Fig. 4) and, in some instances, post- 
operative cardiac catheterization (Fig. 5). The 
majority of patients had a soft pulmonic systolic 
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TABLE III 
Hosp1TaAL MortTAauity FoLttowinc REPAIR 


Hospital Deaths 

No. of 

Type of Total 
Defect Per 
cent 
Partial A-V canal 48 2 4.2 
Complete A-V canal 18 12 66.7 
Total 66 14 21.2 


murmur along the left sternal border after opera- 
tion. Twelve patients had a persistent, soft, 
apical systolic murmur, suggestive of some re- 
sidual mitral insufficiency; but none has had 
clinical symptoms of cardiac disability. One of 
these patients underwent cardiac catheterization 
after operation and, in addition to slight mitral 
insufficiency, was found to have a residual left- 
to-right shunt of 15 per cent. 

Complete A-V Canal: In contrast to the ex- 
cellent results of operation in the preceding 
group, surgical repair of the complete form of the 
defect was accompanied by a disappointingly 
high mortality rate. Of the eighteen patients in 
this group, twelve died during the postoperative 
period, a hospital mortality rate of 66.7 per cent. 
An additional patient died at home two months 
after operation, following a fulminant illness of a 
few hours’ duration during a local epidemic of 
influenza. At necropsy, the repair was found to 
be intact and complete. 

A variety of factors seemed to be responsible 
for the failure of so many of these patients to 
survive, the chief ones being heart block, per- 
sistent incompetence of the atrioventricular 
valves, progressive myocardial failure with low 
cardiac output and irreducible pulmonary hy- 
pertension. Of the six survivors, only one had a 
large interventricular communication. The re- 
maining five had defects of the transitional 
variety with small openings between the short- 
ened chordae that join the atrioventricular 
valves to the ventricular septum. None of these 
five patients required an incision in the ventricle, 
since all the repair was able to be accomplished 
from the atrial side. Another anatomic feature 
of considerable importance in this group of 
patients was the status of the mitral valve. 
Complex derangements of this valve were com- 
mon among those who failed to survive, and 
complete repair was not always possible. De- 
spite these disappointments with the complete 
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Fic. 5. Arterial dye dilution curves recorded before 
and after surgery for repair of partial form of persistent 
common A-V canal. The arrow indicates the instant of 
injection of the dye. Upper panel, preoperative dye curve. 
Note the shallow deflection and the prolongation of the 
disappearance slope indicative of large left-to-right shunt. 
Lower panel, postoperative dye curve. Its configuration 
is normal. 


form of common A-V canal, progress is being 
made in understanding the surgical problems 
presented by this lesion. This should be re- 
flected in some lowering of hospital mortality 
rate. 


SUMMARY 


Persistent common A-V canal is only one of a 
wide variety of interatrial communications. 
This condition includes defects of one or both 
septums and one or both atrioventricular valves. 
The over-all term of “endocardial cushion de- 
fect” has been used to designate these and other 
similar congenital heart defects. 

Our surgical experience includes forty-eight 
patients with the partial form of the defect and 
eighteen with the complete form. Extracor- 
poreal circulation was used for all operations. 
There were two hospital deaths among patients 
undergoing repairs of the partial form, a mor- 
tality rate of 4.2 per cent, whereas twelve of the 
eighteen patients with the complete form died, a 
mortality rate of 66.7 per cent. 


ADDENDUM 


From July, 1959 to July, 1960, twenty addi- 
tional patients with persistent common atrio- 
ventricular canal have undergone operation. 
Eighteen had the partial form and two the 
complete form of the defect. One patient with 
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the partial form died after operation, as did one 
with the complete form. 
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Results of Surgical Treatment of 
Atrial Septal Defects 


Particular Consideration of Low Defects Including 
Ostium Primum and Atrioventricular Canal* 


DenTon A. COOLEY, M.D. 


Houston, Texas 


EFECTS of the atrial septum are common 
D congenital cardiac anomalies which vary 
widely in anatomic characteristics and in the 
degree of cardiac dysfunction produced. The 
nature of the anomaly depends upon develop- 
mental defects that appear during the fourth to 
sixth week of embryonic life. Thus, defects 
located high in the septum above the annular 
attachments of the A-V valves result from failure 
of the septum secundum to fulfill a role in form- 
ing the atrial septum and closing the foramen 
ovale. Defects located low in the septum are 
produced by improper development of the 
septum primum. 

The septum primum is responsible for the 
closure of the ostium primum which lies just 
above the ventricular septum and endocardial 
cushions. In most instances when the ostium 
primum remains open, the endocardial cushions 
are also incompletely formed, producing clefts or 
even large gaps in the septal leaflets of the mitral 
and tricuspid valves. Frank failure of the endo- 
cardial cushions to converge centrally in the 
closure of the A-V canal results in a persistent or 
common A-V canal or atrioventricularis com- 
munis. In this complicated anomaly the leaflets 
of the mitral and tricuspid valves are not 
securely attached to the upper margin of the 
ventricular septum, but are suspended in a 
floating position by chordae tendineae. Under 
these circumstances, and because of the in- 
sufficient amount of valve tissue present, a com- 
mon anterior and posterior leaflet is formed and 
incompetent mitral and tricuspid valves result. 


CLASSIFICATION OF DEFECTS 

Since classification of these lesions is not stand- 
ardized, each report of this type must include 
definitions of the terminology used. For the 
purposes of this report, therefore, three main 
categories of atrial septal defect will be con- 
sidered in analyzing our experience: (1) The 
high or septum secundum defects are those involving 
the upper septum, which is formed by the em- 
bryonic septum secundum, and include fora- 
men ovale defects, inferior caval defects, superior 
marginal or sinus venosus defects and various 
associated partial anomalies of the pulmonary 
venous drainage (Fig. 1). (2) Ostium primum 
defects involve the lower portion of the atrial 
septum in close relation to the ventricular sep- 
tum, with no margin of tissue above the annulus 
of the A-V valves (Fig. 2). In these cases a 
cleft is usually present in the mitral valve, pro- 
ducing mitral regurgitation and left ventricular 
hypertrophy.!. An important finding in this 
area was the observation that the annulus of the 
mitral valve was normally attached to the su- 
perior rim of the interventricular septum. (3) 
Common A-V canal includes all of the low defects 
in which the leaflets of the mitral and tricuspid 
valves are cleft with common leaflets, anteriorly 
and posteriorly, and in which the leaflets are 
suspended above the superior margin of the 
ventricular septum (Fig. 3). Thus, in these 
defects openings were present between the left 


-and right sides of the heart both in the atria and 


ventricles (Fig. 3). Frequently, the deformity 
was extreme and associated with a large inter- 


* From the Cora and Webb Mading Department of Surgery, Baylor University College of Medicine, and the Sur- 
gical Services of Texas Children’s, St. Luke’s Episcopal and Methodist Hospitals, Houston, Texas. This study was 
aided by grants from the Houston Heart Association, U. S. Public Health Service Grant 3137 and the C. J. Thibo- 


deaux Foundation. 
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Fic. 1. Drawing showing the most common type of 
septum secundum interatrial defect. Also included in 
this category of defects are the sinus venosus lesion, in- 
ferior caval defects and partial anomalous pulmonary 
venous drainage. 


ventricular communication. In very young 
patients, poorly developed mitral and tricuspid 
valves were demonstrated and the heart func- 
tioned predominantly as a single-chambered 
organ. 


SuRGICAL TECHNICS 


Although we previously used several technics 
for surgical correction of the high or ostium 
secundum type of atrial septal defect, the best re- 
sults in all atrial septal lesions have been ob- 
tained with the pump oxygenator, used for 


temporary cardiopulmonary bypass. Since 
April 9, 1956, when our first patient with atrial 
septal defect was operated upon using the pump 
oxygenator, this method has been used ex- 
clusively for the repair of atrial defects of all 
types.” 

Indeed, atrial defects have constituted one of 
the major groups of congenital lesions for which 
open heart surgery was performed (Table 1). 
A bubble diffusion oxygenator was used in all 
open heart operations.* Venous blood was re- 
moved from the venae cavae by pump siphon 
and delivered to the oxygenator. Oxygenated 


Fic. 2. Drawing showing typical ostium primum type 
of atrial septal defect located low in the septum close to 
the mitral and tricuspid valves. A cleft mitral valve 
which produces mitral regurgitation and contributes to 
a large left-to-right shunt is demonstrated. 


blood was returned to the femoral artery. In- 
duced cardiac arrest with dilute potassium cit- 
rate solution was used in a few early cases, but 
this proved to be unnecessary and associated 
with certain complications. 

Since that time a technic of intermittent oc- 
clusion of the ascending aorta has been used to 
reduce coronary venous return. This method 
has several advantages, but of particular im- 
portance is the fact that it permits prompt recog- 
nition of conduction disturbances during the 
period of septal repair. Simplicity of operation 
of the pump oxygenator has been achieved and 
blood requirements have been reduced to 4 to 6 
pints for each operation. Complications sec- 
ondary to the pumping apparatus and oxy- 
genator alone are rare. Usually, complications 
can be attributed entirely to the complicated 
nature of the anomaly for which the operation is 
being performed. 


RESULTS 


Septum Secundum Defects: During the past three 
and a half years, a total of 191 patients with 
atrial septal defect were operated upon using 


THE AMERICAN JOURNAL OF CARDIOLOGY 


ty 
Suh 
5, 
pe 
Sy 


Surgical Treatment of Atrial Septal Defects 607 


TABLE I 


Lesions for Which Temporary Total Cardiopulmonary 
Bypass Was Used (Before June 1959) 


Lesion No. 
Congenital 
Ventricular septal defect........... 218 
Atrial septal defect... 191 
septum secundum.......... 138 
ostium primum............. 29 
A-V communis............. 24 
Tetralogy of Fallot................ 52 
Aortic and subaortic stenosis....... 30 
Pulmonic and infundibular stenosis. . 32 
Total anomalous pulmonary venous 
Sinus of Valsalva fistula........... 4 
Transposition of great vessels....... 6 
Aorticopulmonary septal defect... . . 2 
Miscellaneous lesions.............. 16 
Subtotal 567 
Acquired 
Calcific aortic stenosis............. 40 
Aneurysm of ascending aorta....... 15 
Mitral insufficiency............... 10 
Aortic insufficiency............... 5 
Myocardial infarction............. 11 
aneurysm of left ventricle... . .9 
ventricular septal defect...... 2 
3 
1 
aortic ventricular fistula... ... 2 
ruptured papillary muscle... .1 
Subtotal 99 
Total 666 


cardiopulmonary bypass? (Table m1). Among 
these patients, the most common lesion was the 
septum secundum defect. All defects lo- 
cated high in the septum were closed with silk 
sutures, either interrupted or continuous. Sinus 
venosus defects were usually repaired with a 
small patch of Dacron® cloth to prevent dis- 
tortion and constriction of the ostium of the 
superior vena cava. Complete A-V dissociation 
did not occur after operation in a single patient. 
Several factors were important in determining 
operative risk in patients with septum secundum 
lesions. It was of interest that in 110 patients 
under twenty-five years of age no postoperative 
deaths occurred, despite the fact that, in several, 
pulmonary hypertension was present and sys- 
tolic pressures exceeded 60 mm. Hg. On the 
other hand, patients over twenty-five years of 
age presented a more serious problem from the 
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TABLE 1 
Results of Surgical Treatment of Atrial Septal Defects 


No. of Mortality 
Septum secundum’... 138 8 5.8 
Ostium primumf... 29 4 13.0 
A-V canal (complete). 24 16 64.0 
191 


* Twenty-eight patients over twenty-five years of 
age—28% mortality. One hundred ten patients under 
twenty-five years of age—0% mortality. 

t Twenty-two patients with mitral cleft—18% mor- 
tality. Seven patients without mitral cleft—0% mor- 
tality. 


standpoint of surgical risk, since eight of twenty- 
eight died following surgery. Nine patients 
with septum secundum defects were over forty 
years of age, and four of these died following 
operation. Three patients were over fifty 
years of age, and two died; but both had almost 
intractable failure prior to operation. 

The results of operation in patients of ad- 


i 


Fic. 3. Drawing showing a common persistent A-V 
canal. The septal defect in this lesion involves both the 
atrial and ventricular septums. Méitral and tricuspid 
valvular anomalies are often severe, with the common 
valve leaflets suspended above the ventricular septal 
defect. 
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TABLE II 
Results of Operation in Nine Patients* With Atrial 
Septal Defect (Septum Secundum) and Pulmonary 
Hypertension 


Pulmonary 


Date of 


Age 


(yr.) (mm. Hg) Operation 


42 90/25 
50 70/36 


6/2/56 |Recovered 
6/27/56 |Died, 72 
hrs. after 
surgery 
7/6/56 |Recovered 
8/10/57 |Died, 72 
hrs. after 
surgery 
11/11/57 |Died, 17 
days 
after 
surgery 
3/12/58 |Died, 72 
hrs. after 
surgery 
11/20/58 |Died, 36 
hrs. after 
surgery 
2/23/59 |Recovered 
5/11/59 | Died, 48 
hrs. after 
surgery 


39 110/40 
27 75/30 


55 80/40 


100/45 


70/40 


70/25 
70/30 


* Patients over twenty-iive years of age with pul- 
monary pressure more than 60 mm. Hg systolic. 


vanced age with severe pulmonary hypertension 
and septum secundum defects are shown in Table 
m1. This group of nine patients, with three survi- 
vors following operation, does not reflect the en- 
tire problem with these patients. Although car- 
diac catheterization has not been performed on 
any of the survivors, clinically they still have pul- 
monary hypertension. As a consequence of 
operative closure of the defect, each has ex- 
perienced subjective improvement. Most pa- 
tients with pulmonary hypertension seem to 
tolerate operation well, and the immediate 
clinical course appears to be satisfactory. In 
some, however, acute severe cardiac failure 
ensues forty-eight to seventy-two hours later, 
and death may occur rapidly despite vigorous 
medical attempts to control pulmonary edema. 

Our experience with complicated cases of 
septum secundum defects is similar to others 
that have been reported. McGoon and his 
associates‘ describe five factors that adversely 
affect operative mortality in septum secundum 
defects; namely, the presence or history of 
congestive heart failure, a right-to-left intra- 


cardiac shunt of 10 per cent or more, increased 
right atrial pressure, pulmonary arterial pressure 
exceeding 75 mm. Hg and a ratio of pulmonary 
resistance to peripheral resistance of 0.5 or more. 
Although these authors do not believe that age is 
a factor in prognosis following operation, our 
results strongly suggest that young patients 
tolerate operation better than older ones, even 
though pulmonary hypertension may be present. 
Our policy is to recommend surgical repair of 
septum secundum atrial defects in all patients 
under fifteen or twenty years of age with signifi- 
cant left-to-right shunts regardless of the degree 
of pulmonary hypertension. Selection of older 
patients, i.e., those over twenty-five years of age, 
should be made more cautiously with careful 
consideration of the adverse factors already men- 
tioned. Risk in the older patient with high 
pulmonary vascular resistance may be prohibi- 
tive and, even if operation is tolerated, the ulti- 
mate result may be disappointing. The use of 
perforated patches sutured into the defect to 
permit gradual interruption of the shunt has 
been disappointing in our cases. 

Ostium Primum Defects: Twenty-nine patients 
with this defect, ranging in age from four to 
forty-five years’ (Table 11), were operated upon. 
Repair of the cleft in the mitral valve was 
accomplished with interrupted: silk sutures; 
in no instance did the valvuloplasty disrupt 
following operation. The valvuloplasty was 
performed on that portion of the valve located 
close to the annular attachment. Placement of 
sutures along the lower margin of the valve was 
avoided, since impairment of valve function 
and partial mitral stenosis could be produced 
in this manner. Repair of the interatrial 
communication was usually made with a 
prosthesis of Dacron or compressed Ivalon.® 
Avoidance of traction on the repair may be 
important both to insure stability of the closure 
and to avoid injury to the conduction fibers. 
Sutures along the inferior margin of the defect, 
particularly those near the center and between 
the center and the ostium or the coronary 
sinus located posteriorly, were placed very 
carefully. These sutures were tied individually 
with the heart beating actively to detect any 
disturbance attributable to an individual suture. 
Replacement of an offending suture could 
then be accomplished, avoiding a difficult 
conduction complication after operation. 

Third degree heart block or complete A-V 
dissociation occurred in eight patients after 
operation. One of these patients died, three 
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converted to sinus rhythm spontaneously, and 
in four the block was still present four weeks or 
more after operation. Our experience with the 
electrical pacemaker has not been favorable in 
these or other patients after open heart surgery, 
but in general we have used the pacemaker 
only in the more desperate cases. Isoproterenol, 
administered intravenously and _ sublingually, 
has produced the best results in patients with 
complications arising from injury to the conduc- 
tion system. Isoproterenol therapy was con- 
tinued as long as the patient was having a re- 
duced cardiac output resulting from the brady- 
cardia. 

All four patients who died after operation 
had more than usual manifestations of cardiac 
impairment, since the mitral regurgitation and 
pulmonary hypertension were greater than in the 
average cases. Extreme enlargement of the 
left ventricle may therefore be considered an 
unfavorable prognostic sign. The presence of a 
right-to-left shunt of more than 10 per cent is 
also a serious prognostic finding. It may be 
concluded, however, that repair of ostium 
primum defects of the atrial septum can be 
accomplished with an acceptable risk (13 
per cent in our series) and surgical treatment is 
advisable in the majority of cases. 

A-V Canal (Complete): Technic of surgical 
repair of this type of defect was not standard 
in our cases, since the lesion itself was so vari- 
able. Usually, the lesion was exposed through 
an atriotomy incision. The floating valve 
leaflets were attached to the superior margin 
of the ventricular septum with interrupted 
through-and-through sutures. Clefts in the 
A-V valves were repaired by sutures and the 
clefts were closed. After this preliminary 
reconstruction of the canal the residual in- 
teratrial communication was closed with a 
generous patch of Dacron cloth, using the same 
precautions as in repair of ostium primum 
defects. In the most complicated defects a 
variety of additional technics were attempted, 
including right ventriculotomy, to repair the 
subvalvular portion of the lesion. In some of 
the lesions, particularly in infants with cardiac 
failure, the defects could not be completely 
corrected with restoration of normal valvular 
function. This undoubtedly accounted for the 
high morbidity and mortality in these patients.® 

Results of operation in these patients have 
been disappointing in the entire series. Early 
mortality after operation was 64 per cent in 
twenty-four cases (Table mm). Eight patients 
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were under twenty months of age, however, 
and had manifestations of almost intractable 
heart failure; seven died after operation. On 
the other hand, of sixteen patients over two 
years of age, nine died, representing somewhat 
more favorable results. The oldest patient in 
the series, who was aged sixteen years and had 
pulmonary hypertension associated with a 
right-to-left shunt, died four days later from 
complete heart block and right-sided failure. 
Injuries to the conduction system are even more 
common in this lesion than in the ordinary 
ostium primum defect, since the A-V bundle is 
in a more vulnerable position. When conduc- 
tion disturbances occurred, the survival was 
low because of other problems such as residual 
valvular incompetence. Although the results 
in this series of cases were disappointing in 
general, results in the eight survivors were 
moderately encouraging, several patients having 
been completely restored to a normal life. 

This experience suggests that further improve- 
ment in statistics will follow more careful 
selection of patients. If critically ill infants, 
patients with right-to-left shunts and _ those 
with cardiac decompensation were to be 
eliminated, the good results of operation 
would increase. However, the need for relief 
of symptoms in these patients often exceeds 
consideration of conservative judgment, and 
operations are still performed despite great 
risk. 


SUMMARY 


Repair of defects in the interatrial septum 
was performed in 191 patients, using the pump 
oxygenator for temporary cardiopulmonary 
bypass. Results of operation were related to the 
nature of the defect and the extent of the 


cardiac impairment. In uncomplicated cases 


of septum secundum defects, the risk of surgery 
was nil and results of closure excellent. In a 
consecutive series of 110 patients under twenty- 
five years of age, no deaths occurred. Repair of 
ostium primum defects with cleft mitral valve 
was performed in twenty-nine patients, with a 


13 per cent mortality. Long-term results were 


highly favorable and indicate complete repair 
of this defect. Results in surgical treatment of a 
complete A-V canal were the least favorable. 
Congestive heart failure, pulmonary hyper- 
tension, right-to-left intracardiac shunts, 
extremes of age and the nature of the anomaly 
determine risk of operation. 
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ADDENDUM 


Since this paper was submitted, the total 
series of patients undergoing temporary car- 
diopulmonary bypass has increased to 970. 
Among these patients, 268 had atrial septal 
defects and 206 had septum secundum type, 
thirty-five had ostium primum and twenty- 
seven had common A-V canal. The surgical 
mortality in ostium primum type of atrial 
septal defect has been 11 per cent in the entire 
series of thirty-five patients. 
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The Surgical Repair of Persistent 
Atrioventricular Canal 


Results in Twenty-Six Operative Cases* 


Cu. Dusost, M.D. and Pu. BLONDEAU, M.D. 


Paris, France 


‘fa A-V canal is an infrequent lesion in the 
statistics of open heart surgery. At the 
beginning of 1959, Lillehei and Thevenet' re- 
ported thirty-two cases of A-V canal in 404 
heart operations (6 percent). In 1958, Cooley 
et al.? reported eight cases in 162 operations 
(6 per cent); and Kirklin and his associates® 
reported eighteen operative cases in 145 patients 
(7.4 per cent). 

As of June 1959 our own statistics showed 
that an A-V canal was present in twenty-six 
of the 172 patients we operated upon using 
extracorporeal circulation (15 per cent). With 
one exception (our first operation using extra- 
corporeal circulation in 1955), all these opera- 
tions took place during the last two years 
(1957 to 1959). Ten patients were males and 
sixteen females; their ages ranged from six to 
thirty-nine years, with seventeen children from 
six to twelve, three adolescents from fourteen 
to seventeen and sixteen adults from twenty- 
one to thirty-nine years of age. 

The analysis of our twenty-six cases (Table 1) 
enables us to make the following observations on 
the anatomic characteristics of the malforma- 
tion, its surgical cure and the results obtained. 


ANATOMIC CHARACTERISTICS OF THE LESION 


In grouping the ostium primum defects with 
A-V canal in this study, we have adhered to the 
custom of making no nosological distinction and 
merely discussing the A-V canal as opposed to 
the atrial septal defect of the ostium secundum 
type. Several factors favor this grouping: 
the probability of a close embryologic origin, 
clinical and electrocardiographic features so 
similar that surgical exploration alone allows 
a precise diagnosis and, most important, the 


fact that both the ostium primum defect and 
A-V canal need to be repaired using extra- 
corporeal circulation, contrary to what is re- 
quired in the repair of atrial defects of the 
ostium secundum type. 

Our series included two patients with an 
ostium primum defect and no valvular lesion 
(Cases 23 and 24) and two with single auricles, 
one without a valvular lesion (Case 25) and the 
other with a cleft mitral valve (Case 9). 

These particular lesions make the grouping of 
all malformations whose common characteristic 
is a defect of the atrial septum reaching down to 
the ventricular septum even more important. 

Among the different forms of A-V canal en- 
countered, it is already classic to differentiate 
between the partial and total forms. The 
partial form is represented by an ostium primum 
defect accompanied by a cleft mitral valve. 
The complete form consists of an ostium pri- 
mum defect complicated by a defect of the 
interventricular membranous septum and a 
grave alteration of both mitral and tricuspid 
valves. In reality, our surgical and anatomic 
findings have shown that the lesions do not al- 
ways conform strictly to pattern, and a whole 
series of intermediate stages exists between the 
ostium primum defect and the large A-V canal 
defect. 

In the most favorable cases, the mitral valve 
is merely cleft without any loss of substance. 
Very often, more serious alterations are present; 
for example, a cleft large enough to constitute 
an actual loss of substance, or a retraction, or an 
heterogenous aspect, which sometimes goes 
as far as to have a cribriform structure, or 
anomalies of the thinness and length of the 
suspension system. The septal cusp of the tri- 


* From the Department of Cardiac Surgery, Centre Chirurgical Marie-Lannelongue, Paris, France. 
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TABLE I 


Anatomical Characteristics, Surgical Procedure and Results in Twenty-Six Cases of A-V Canal 


Extracorporeal Septal Valvular 
Perfusion F Lesions Surgical Repair 
Type of Case | Age — A-V Postoperative 
Defect No. | (yr.) Flow No. of Block Course 
(cc./ Time Mitral Tricuspid Septal Mitral 
min.) (min.) Defect Sutures 
1 9 1/57 1,500 34 | Cleft Normal Ivalon Patch 3 _ Uneventful 
2 6 3/57 1,000 27 Cleft Normal Ivalon Patch 4 _ Uneventful 
3 8 1/58 1,300 34 Cleft Normal Ivalon Patch | None _ Death during the op- 
eration due to tech- 
nical mistake: 
massive pulmonary 
edema 
4 39 5/58 2,500 30 Cleft Normal Ivalon Patch 5 a Uneventful—persis- 
Partial tent A-V block 
A-V Canal 5 9 1/58 1,600 ? Cleft Normal Ivalon Patch 2 _ Death on third day: 
pulmonary edema 
(created mitral 
stenosis) 
6 9 9/58 1,600 25 Cleft Normal Ivalon Patch 1 _ Uneventful 
7 14 1/59 2,800 28 Cleft Normal Ivalon Patch 1 oo Uneventful—transi- 
tory A-V block 
8 12 4/59 1,800 ? Cleft Normal Ivalon Patch 1 - Uneventful 
9 28 5/59 3 ,000 45 Cleft Normal Ivalon Patch 2 - Uneventful 
10 8 4/58 1,300 23 Cleft Cleft Ivalon Patch 2 Uneventful 
11 8 11/58 1,500 22 Cleft Fenestrated| Ivalon Patch 1 _ Uneventful 
12 7 2/59 ? 29 Cleft Fenestrated| Ivalon Patch 1 - Uneventful 
13 7 4/59 ? 25 Cleft + Fenestrated| Ivalon Patch 1 ~ Uneventful 
Intermediate fenestrated 
A-V Canal large valve 
14 12 5/59 2,500 45 Cleft Atretic Ivalon Patch 3 = Uneventful 
15 12 6/59 2,200 45 Cleft Absent Ivalon Patch $ - Uneventful 
16 5 6/59 1,500 40 Cleft Atretic Ivalon Patch 1 > Death on third day— 
massive pulmonary 
edema 
17 7 12/55 580 16 Incomplete Absent Suture None _ Death on second 
| day—hemolysis 
18 17 11/57 3 ,000 26 Incomplete (Absent Ivalon Patch 2 — | Death on second 
day—anoxia with 
Total Cleft with decerebration 
A-V Cana 19 9 12/58 1,600 40 alteration |Absent Ivalon Patch 5 _ Uneventful 
Cleft with 
20 10 1/59 1,600 40 alteration |Absent Ivalon Patch 4 — | Uneventful 
21 12 4/59 1,800 ? Cleft Absent Ivalon Patch 1 — | Uneventful 
22 21 4/59 3,200 39 | Cleft Absent Ivalon Patch 2 - Uneventful 
F 23 32 1/58 2 ,800 28 Normal Normal Ivalon Patch _ — | Uneventful 
Ostium 24 | 23 | 1/58 | 3,500 | 18 | Normal Normal Perforated ove — | Uneventful 
Primum Patch 
A r 25 14 7/58 2,500 40 Normal Normal Perforated —_ + Death on sixth day— 
Single Auricle Patch A-V block 
Ostium secundum 26 <4 3/58 1,400 24 Cleft Normal Ivalon Patch 2 — | Uneventful 
and cleft of mitral 
valve 


cuspid valve which, as a rule, is not affected 
in the partial form, is often abnormal, due 


either to retraction of the valvular tissue and its 


suspension system or to the fact that the valve is 
reduced to a fenestrated tissue without precise 
In the total form, the septal cusp is 


shape. 
often missing. 


All these anatomic variations, added to the 
difficulty of a precise operative analysis (depth 
of the operative field, heart movements and 
frequently inadequate drainage), make a pre- 


Cases. 


cise classification of the lesions a particularly 
arduous task. 

Figure 1, although still too schematic, shows 
the anatomic classification of our operative 
The unusual association of a cleft 
mitral valve with a large atrial defect of the 


ostium secundum type was present in one case, 
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We included it in the A-V canal group, this 
slight nosological deviation being in the interest 
of the diagnostic problems raised. 

We conclude that the embryogenic defect 
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Fic. 1. 
valves (two patients). 
canal (eight patients). 
septal tricuspid (three patients). 
tient). 


resulting in the formation of an A-V canal is 
also liable to result in a modification of the 
respective calibers of the mitral and tricuspid 
annuli. This modification, when present, al- 
most always consists of a reduction of the caliber 
of the mitral orifice. Before proceeding with 
corrective surgery, the surgeon can and should 
carefully determine the mitral caliber by intro- 
ducing the forefinger into the valvular orifice, 
through the ostium primum. It is most impor- 
tant to detect the existence of any degree of 
mitral atresia, otherwise the surgeon runs the 
risk of provoking a dangerous stenosis during 
the mitral repair. This therapeutic problem 
will be discussed later. At this time, we can 
say that in five of our operative cases the mitral 
annulus allowed the introduction of the fore- 
finger only. 


SuRGICAL TECHNIC 


The A-V canal and the ostium primum 
defect are undoubtedly the best indications 
for performing open heart surgery. The spon- 
taneous prognosis of the defect is always grave. 
The process of evolution is characteristic: 
for months or even years, the patient will live 
comfortably with his defect; suddenly, at an 
age which varies according to the gravity of 
the lesion, the heart fails and from then on 
deteriorates rapidly and relentlessly. It is 
imperative that the lesions should be diagnosed 
and the patient operated upon before the stage 
of heart failure is reached, since this stage also 
coincides with an important cardiomegaly and 
an irreversible major pulmonary hypertension 
(Fig. 2). While it is logicai to wait a few years 
when dealing with an infant or a very young 
child who presents no functional impairment 
and no pulmonary hypertension, in all other 
Cases it is imperative to operate as soon as the 
diagnosis is made and the hemodynamic ex- 
ploration completed. 

The precision required to make the repair 
of heart lesions effective and safe prohibits the 
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Schematic representation of lesions encountered in twenty-six operative cases. A, ostium primum, normal 
B, single auricle, one with normal valves, one with mitral cleft (two patients). 

D, intermediate form, fenestrated tricuspid (four patients). 
F, total A-V canal (six patients). 


C, partial A-V 
E, intermediate form, absent 
G, ostium secundum + mitral cleft (one pa- 


blind undertaking of such an operation, or its 
being performed during the too limited time 
afforded by cardiac drainage under hypo- 
thermia. The A-V canal and ostium primum 
defect are among the less contested indications 
for extracorporeal circulation. Of the twenty- 
six patients we operated upon, six were per- 
fused with an artificial heart-lung, using the 
Melrose disc oxygenator; the others were per- 
fused with the Lillehei-Dewall apparatus.‘ 
The total duration of the operation varied from 
sixteen to forty minutes. 


Exposure of Heart: In our method of approach, we 
have gone from one extreme to the other. The bi- 
lateral transverse thoracotomy with horizontal ster- 
notomy used in eight of our cases gave a large ex- 
posure of the entire cardiac mass, which is convenient 
for surgical repair and eventual cardiac resuscitation. 
However, we had to abandon this technic because of 
the postoperative respiratory consequences resulting 
from the opening of both pleurae, the operative col- 
lapse of both lungs and the serious diminution of the 
ventilatory amplitude during the immediate post- 
operative course. Right thoracotomy with resection 
of the fifth rib was then used in six cases. This pro- 
cedure guarantees much safer postoperative condi- 
tions. However, it gives a poor view of the atrio- 
ventricular region and eliminates the possibility of 
cardiac resuscitation. For this reason, we resorted 
to a compromise in our last twelve cases that seems to 
offer the best solution: a right intercostal thoracot- 
omy in the fourth space is extended by a horizontal 
sternotomy without opening either the left intercostal 
space or the left pleura. This procedure permits a 
sufficient exposure of the heart without any untoward 
effect on respiration. 

A full view and inventory of the lesions are of pri- 
mary importance. We have seen that the preopera- 
tive diagnosis may be more or less incomplete and that 
direct vision alone can give information about the 
size of the ostium primum and even more about the 
valvular lesions. The latter are not always easy to 
detect because they are deeply seated and more com- 
plex than the didactic schemas indicate. Also, this 
deep area is often flooded by coronary blood, the 
bronchial reflux and the transigmoidal reflux from 
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Fic. 2. Hemodynamic results in four operative cases. A, Case 1, partial A-V canal, preoperative (left), one year after 


operation (right). 


ostium primum, preoperative (left), one year after operation (right). 


preoperative (left), six months after operation (right). 


the aortic perfusion at the time of the intracardiac 
manipulations. 

A good aspirator will usually permit adequate 
drainage. However, should it prove unsatisfactory, 
discontinuous aortic clamping should be used without 
hesitation. On one occasion we had to apply the 
aortic clamp for twenty-seven minutes; this resulted 
in progressive cardiac arrest by anoxia. At the pres- 
ent stage of our studies, however, we would use 
potassium citrate to induce heart arrest. We empha- 
size these facts because we believe that a full view of 
the lesions is essential to insure a precise and effective 
repair. 

Repair of Valve Defects: The valvular lesions should 
be repaired first. In five cases we were unable to 
make a satisfactory repair of the tricuspid valve be- 
cause of either a cribriform structure of the valvular 
tissue or the absence of a septal cusp. In only one 
case (Case 9) was it possible to put a stitch on what 
seemed to be a cleft in the septal cusp. Fortunately, 
in such cases, the tricuspid deficiency is probably 
without serious hemodynamic consequences. At any 
rate, no such clinical signs were observed in any of 
the patients operated upon by us. More important 
and more frequently necessary is the repair of the 
mitral valve lesion. First, the size of the mitral ring 


B, Case 2, partial A-V canal, preoperative (left), six months after operation (right). 


C, Case 23, 
D, Case 26, ostium secundum'+ mitral cleft, 


must be determined by inserting the forefinger be- 
cause, as already stated, the mitral ring is sometimes 
atretic, and too heavy a valvular stitch may create a 
mitral obstruction which would be badly tolerated 


by the patient. In one of our first cases, this tech- 
nical error resulted in pulmonary edema and death. 
All repairs should be followed by finger-exploration 
control. The repair itself, in all cases in which it has 
been necessary, was effected by means of interrupted 
sutures on the cleft mitral valve. The number of 
juxtaposed stitches necessary has varied from one to 
five, according to the size of the mitral ring. 

When this transverse suture ensures perfect closing 
of a narrow cleft in the middle of a substantial valve, 
the immediate anatomic result is good, as is the case 
in the most benign forms of partial A-V canal. 
Very often, however, the valvular malformation is 
much more complex, amounting to an actual loss of 
substance of the larger valve. Approximation of the 
two valvular stumps, which can be made when the 
heart is excluded, does not provide a valve of normal 
consistency, and mitral insufficiency will persist. 

This is undoubtedly the most delicate technical and 
tactical point of the operation. Some authors favor a 
valvulplasty, using an Ivalon® prosthesis. In the ab- 
sence of a satisfactory plastic technic, we prefer the 
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approximate repair by means of sutures, which re- 
duce the mitral deficiency considerably without post- 
operative risk. 

Closure of Ostium Primum Defects: Once the valvular 
lesions have been repaired, the surgeon proceeds with 
the closing of the ostium primum defect. The usually 
large dimension of the latter and the necessity of 
providing a precise fastening without any traction at 
the upper extremity of the interventricular wall, has 
led us to prefer a semicircular patch cut from a sheet 
of pressed Ivalon. At the time of our first operation 
in 1955, we used interrupted sutures which did not 
prove very satisfactory. Since then, we have always 
resorted to the Ivalon prosthesis. The Ivalon patch 
must first be set in proper position and then sutured, 
first at the upper extremity of the interventricular 
wall and then on to the anterior, upper and posterior 
border of the ostium primum by a series of interrupted 
sutures. This method of securing the Ivalon patch, 
which in our cases has required from ten to twelve 
stitches, is not really difficult, but requires meticulous- 
ness. The only dangerous point lies at the junction 
of the lower border (the upper extremity of the inter- 
ventricular wall) and the posterior border, due to 
the proximity of the coronary sinus orifice and the 
presence at this site of intracardiac conduction tissue. 
At this point, the stitches must be placed parallel to 
the border of the ostium primum defect and must 
cause minimal tension because of the risk of injuring 
the conduction tissue. This is undoubtedly the most 
critical point of the operation. In twenty-six opera- 
tions we had four cases of A-V block. This complica- 
tion will be discussed later. 

We have never observed any air embolism originat- 
ing in the left cavities. Before the last two stitches 
are tightened, the anesthetist exerts positive pressure 
on the lung to empty the left auricle of the air it con- 
tains. This pressure is sufficient to ensure an ade- 
quate reflux of blood into the pulmonary veins 
thereby aiding the evacuation of the left cavities. 

The end of the operation presents no particular 
difficulty. The right auricle is closed, the pericardium 
is left wide open and the pleura is drained. In cases 
in which a complete A-V block has occurred and per- 
sists at the end of the operation, the two electrodes of 
the electric stimulator are set in place, one on the 
right ventricular wall and the other in the parietal 
muscles. 


IMMEDIATE AND LATE RESULTS 


Of the twenty-six patients we operated upon, 
six (23 per cent) died during or after the opera- 
tion. These results are similar to the statistics 
published by others, e.g., Lillehei* reports nine 
deaths in his first series of twenty operations and 
five in a later series of seventeen operations,’ 
Cooley’ reports three deaths in eight operations 
and Kirklin*» reports three deaths in eight op- 
erations. We believe that our casualties were 
the results of errors in the technic of perfusion 
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and/or surgical repair. For this reason we 
should like to analyze them carefully. 

Operative Deaths: Two deaths were directly 
attributable to the perfusion. One patient 
(Case 17) had anuria due to blood incompati- 
bility (this was our first operation using extra- 
corporeal circulation in 1955). In another 
patient (Case 18), an inadequate perfusion flow 
caused an irreversible cerebral anoxia with 
all the signs of decerebration, and the patient 
died within forty-eight hours. Today a longer 
experience with extracorporeal circulation en- 
ables us to avoid such mistakes. 

Two other deaths were due to a tactical fault 
of the surgical repair. In one patient (Case 
3), the Ivalon patch was not properly placed 
and interfered with the venous pulmonary 
return, provoking a massive pulmonary edema 
from which the patient died while on the oper- 
ating table. In the other (Case 5), the repair 
of the atretic mitral ring was too tight and 
caused stenosis. As a result, pulmonary edema 
occurred and the patient died three days later. 

With advances in technic such mistakes no 
longer occur. However, in two other cases 
(Cases 16 and 25), death still would have been 
unavoidable. The first patient (Case 16), 
a five year old child, died of massive pulmonary 
edema following closure of a mitral defect. 
The autopsy was unenlightening; the only 
possible explanation seemed to be a discrete 
stenosis of the aortic infundibulum. The other 
patient (Case 25) was a child with a single 
auricle. A complete A-V block occurred while 
the surgeon was partitioning the auricle. At 
first the patient reacted well to the administra- 
tion of isoproterenol and electric. stimulation, 
but after four days the reaction became gradually 
weaker and he died on the sixth day with every 
sign of an irreversible block and acute right 
heart failure. 

Postoperative Complications: None of the other 
patients we operated upon had any serious 
postoperative complications. Preoperative pul- 
monary hypertension did not cause any serious 
postoperative complication. In one patient 
(Case 24) with a preoperative pulmonary pres- 
sure of 80/46 mm. Hg and a systemic pressure 
of 112/64, a small opening was made in the 
Ivalon patch placed on the ostium primum to 
act as a valve. Laboratory experiments had 
taught us that secondary closure of such small 
orifices occurs spontaneously. This precaution 
assured an uneventful postoperative course. In 
addition, the operative record of the pulmonary 
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Fic. 3. Case 23. Ostium primum defect. 
radiogram. B, radiogram ten months after operation. 


pressure before and after the surgical repair had 
shown a marked fall of the pulmonary pressure. 
We believe that constant registering of the pres- 
sures during surgery is an important prognostic 
factor in dealing with a patient who suffers from 
pulmonary hypertension. 

Two of the four patients with A-V block over- 
came this complication. In one sinus rhythm 
resumed after twelve hours of artificial electric 
stimulation (Case 7). In the other (Case 4) 
a complete block was still present but the ventric- 
ular rate was sufficiently rapid after a twenty- 
four hour perfusion of isoproterenol to enable 
him to withstand it without heart failure. 

Late Results: Except for a few cases, we cannot 
yet evaluate the late results of surgery. Of the 
twenty patients who have survived it, fourteen 
were operated upon in the six months prior 
to the writing of this report and they have not 
been seen again; two were seen again five or 
ten months after surgery. One of these (Case 
4), who had been operated upon for an A-V 
canal of the partial type, has remained practi- 


Diminution of volume of the heart after operation. 


A, preoperative 


cally symptom-free, the only clinical finding 
being a slight systolic murmur at the apex and a 
persistent A-V block with a ventricular rate of 
56. The other (Case 24) presented a large 
ostium primum defect; he now leads a normal 
life despite a loud residual systolic murmur. 

Four patients were catheterized again between 
six and twelve months after the operation: 
one with ostium primum (Case 23), two with 
A-V canal (Cases 1 and 2) and one with ostium 
secundum and a cleft of the mitral valve (Case 
26). Figure 2 shows the results of cardiac 
catheterization. There was total disappearance 
of the shunt in three and subtotal in one, with 
the pulmonary pressure back to normal; in 
two of the three patients who had mitral in- 
sufficiency, the systolic murmur at the apex 
disappeared almost completely (Case 2 and 26). 
In the third case a grade 3 to 4 (scale of 10) 
murmur persists indicating a slight mitral in- 
sufficiency. In Case 23, the disappearance of 
the shunt was accompanied by a distinct de- 
crease in heart size (Fig. 3). 
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These first hemodynamic results concern our 
earliest surgical cases. In the light of ex- 
perience we trust that the results obtained in 
patients operated on more recently, who will 
return for cardiac catheterization, will be at 
least as good as the first ones. An adequate 
surgical repair of a formerly incurable defect 
now seems possible. Constant improvements 
in the technic of perfusion and repair should 
help to reduce the number of surgical casualties. 
However, the hard-to-anticipate risk of surgical 
trauma to the A-V conduction tissue remains, 
as does the difficulty of repairing certain com- 
plex valvular malformations. 


SUMMARY 


This is a report of twenty-six patients with 
ostium primum and persistent common A-V 
canal who were operated upon. 

Surgical anatomy is described. Although 
persistent common A-V canal is usually classified 
into complete and partial forms, we have ob- 
served several anatomic transitional varieties 
that represent the connecting link between the 
complete and partial forms; the valvular lesions 
are more variable than they are classically 
reported to be. 

The operation was performed using extra- 
corporeal circulation without induced cardiac 
arrest. The cleft in the mitral or tricuspid 
valve was repaired and the ostium primum 
defect was closed by suturing a piece of Ivalon 
sponge. 

There were six deaths in this group of twenty- 
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six patients: two were related to perfusion, two 
were caused by technical mistakes and two by 
complete heart block. 


ADDENDUM 


Since this paper was submitted for publica- 
tion, we have operated on six additional 
patients. The operations were performed using 
deep hypothermia below 10°c. with total 
circulatory arrest varying from thirty to forty- 
five minutes, obtained by a heart-lung machine 
connected with a heat exchanger. 

Three patients with the complete form, in 
whom a total plastic repair of the mitral valve 
had been attempted, died. 
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Persistent Atrioventricular Canal 


Surgical Experiences 


CLARENCE CRAFOORD, M.D. and Ake SENNING, M.D. 


Stockholm, Sweden 


E HAVE operated on sixteen patients with 
W common A-V canal. In all cases, the 
defect involved the lower part of the atrial 
septum and extended down through the atrio- 
ventricular ring to the upper part of the ventricu- 
lar septum. All the patients had a defect in the 
annulus fibrosus, and both the tricuspid and 
mitral valves were cleft and deformed, producing 
regurgitation. The size of the ventricular septal 
defect varied. Four patients had large defects 
in the muscular ventricular septum in addition 
to having a defect in the membranous septum. 
Two patients had a narrow mitral ring, so that 
the filling of the left ventricle took place partly 
through the ostium and partly through the 
ventricular septal defect, 

Physical examination showed a typical pan- 
systolic apical murmur, indicating mitral regur- 
gitation. The murmur was not always con- 
ducted to the left axilla, probably because the 
regurgitation occurred in the right auricle. 
This murmur can be recorded by esophageal 
phonocardiography. 

An electrocardiogram with left axis deviation 
and reversed loop on the frontal vectorcardio- 
gram was found in all the patients who were 
operated on. While a large auricular septal 
defect of secundum type with small lower rim 
cannot be distinguished from A-V commune at 
angiocardiography by left auricular injection, 
through injection into the left ventricle it is 
possible to show mitral insufficiency and even- 
tual interventricular left-to-right shunt. More 
recently, a small injection into the left ventricle 
has been given, supplemented twenty to thirty 
minutes later with an injection into the left auri- 
cle. 


OPERATIVE TECHNIC 


In the first eight patients, the cleft of the 
valves was sutured and a prosthesis stitched into 
the defect above the valve-plane in the ventricu- 


lar septal defect. In another three patients, a 
prosthesis was stitched into the defect below the 
valve-plane in the ventricular septal defect. In 
one patient, a prosthesis was also stitched into the 
cleft septal tricuspid cusp and, in another, into 
the mitral ring and valve to prevent the oc- 
currence of mitral stenosis. 

The last eight patients were operated on with 
a different technic. First, an annuloplasty was 
performed, according to the method of Senning, 
to repair the essential part of the malformation, 
supporting the valvular apparatus by repairing 
the defect in the annulus fibrosus (Fig. 1). A 
suture, which had been threaded through a 
small piece of Ivalon® sponge, was introduced 
through the anterior end of the anrtulus fibrosus; 
it passed just under the anterior valve and came 
out over the gap between the valves; thence, 
under the posterior valve into the posterior 
annulus fibrosus tissue. It was then threaded 
through a piece of Ivalon sponge and taken back 
by the same route. The suture was so tied that 
the ends of the annulus fibrosus approached each 
other; care was taken to avoid mitral stenosis. 
When the suture was drawn tight, the ventricu- 
lar septal defect was reduced and it was possible 
to close the membranous defect with a few extra 
sutures. 

In one case, an Ivalon sponge prosthesis was 
stitched into an atypical defect along the pos- 
terior ventricular wall. The supporting sur- 
faces of the cleft mitral cusp facing each other 
were mutually adapted near the septum. 
(Stitching towards the free edge was avoided, 
since this could easily lead to mitral stenosis.) 

The operation was performed in “anoxic 
cardiac arrest,” and before the auricular septal 
defect was stitched, the mitral function was 
checked by removing the aortic clamp and 
allowing the heart to contract. The atrial 
septal defect was then closed. (In four cases, it 
was possible to do this without a prosthesis.) 
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Fic. 1. Annuloplastic suture. 1-2, cleft mitral valve; 
3-4, cleft septal cusp of tricuspid valve; 5, mitral orifice; 
6, tricuspid orifice; 7, coronary sinus; 8, ventricular 
septum; 9, annuloplastic suture; SVC, superior vena 
cava, IVC, inferior vena cava; RA, right atrial appen- 
dage; RV, opened right ventricle. 


The function of the tricuspid valve was then 
checked. In four patients on whom this opera- 
tion was performed, the cleft septal tricuspid 
cusp was repaired. 
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OPERATIVE RESULTS 


Of the four patients with large muscular de- 
fects of the ventricular septum, one survived; 
she has signs of mitral insufficiency. One 
patient, in whom the mitral ring was widened 
with a prosthesis, had persisting mitral insuffi- 
ciency; she died three months after operation 
from hemorrhage from gastric peptic ulcers. 
One patient could not be operated on, due to 
mitral stenosis; she died of A-V block. The 
fourth patient had anuria which was treated 
with dialysis; results were good, but she died 
suddenly after three weeks. 

Of the twelve patients with defects in the 
membranous ventricular septum only, three 
died from A-V block; the others survived. 
Two patients have slight mitral insufficiency, 
one of whom has a 2-1 block. Three patients 
have had temporary A-V block postoperatively, 
which has undergone complete regression. Of 
the last eight patients, one with a large muscular 
ventricular septal defect died. 


SUMMARY 


Sixteen patients with common A-V canal 
have been operated on, the last eight by a tech- 
nic of annuloplastic suture. The over-all 
mortality was 37.5 per cent. Of the last eight 
patients operated on, only one died. The 
factors contributing to mortality were large 
muscular defects of the interventricular septum, 
persisting mitral insufficiency and postoperative 
A-V heart block. 
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Clinical Studies 


A Myocardial Syndrome 


With Particular Reference to the Occurrence of Sudden Death 
and of Premature Systoles Interrupting Antecedent T Waves” 


F. Horace Smirk, K.B.E., M.D., F.R.C.P., F.R.A.c.P. and Davip G. PALMER, M.B., Ch.B. 


Dunedin, New Zealand 


HILE the association of multiform pre- 

mature systoles with organic heart disease 
-is well established, little attempt has been made 
to describe the clinical and electrocardiographic 
features of a well defined syndrome! which 
occurs quite frequently in patients who exhibit 
multiform premature complexes and certain 
other arrhythmias. The purpose of this report 
is to describe examples of the syndrome, to 
note the frequency of occurrence of the associ- 
ated phenomena of which it is composed, and 
to refer to a number of pathologic states in 
which many or most of the clinical features of 
the condition may be observed. 

The features of the syndrome are as follows: 
(1) clinical evidence of myocardial damage; 
(2) interruption of the T wave before its com- 
pletion, by a very premature QRS complex 
(the R on T phenomenon); (3) a high incidence 
of sudden death; (4) multiform ectopic ven- 
tricular complexes; (5) multiform ventricular 
complexes of supraventricular origin; (6) 
variability of the interval between successive 
ectopic complexes; (7) variability of the in- 
terval between the premature and the ante- 
cedent complexes; (8) ectopic complexes in 
runs of two or more, amounting in some Cases 
to paroxysmal tachycardia; (9) T wave changes 
in complexes following a premature beat. 

The frequency with which R on T waves 
occur Clinically can be reduced or abolished by 
quinidine. The occurrence of R on T waves 
may provide information concerning changes 
in the refractory period of the heart. It is a 
phenomenon which can be induced experimen- 


tally in a variety of ways? and is closely related 
to the occurrence clinically and in animal experi- 
ments of ventricular paroxysmal tachycardia, 
ventricular flutter and ventricular fibrillation. 


PATIENTS STUDIED 


Information has been collected relating to eighty 
patients whose electrocardiograms showed the R on 
T phenomenon and some or all of the associated 
features referred to herein. The incomplete syn- 
drome, lacking the R on T phenomenon, is quite 
common. In addition, published electrocardio- 
grams have been examined for T wave interruption. 
Only exceptionally has the phenomenon been 
referred to by the authors of these papers. 

Associated Cardiovascular Diseases: Table 1 indicates 
the cardiovascular diseases from which these patients 
suffered, together with the average age of patients 
with any one of these conditions. The table also 
includes the number of patients who died prior to 
January 1, 1959, the average survival time of 
those who died after the first recording of the R on T 
phenomenon and, finally, the number of deaths which 
were sudden in each group. 

From this table it can be seen that: (1) The patients 
were elderly with the exception of those patients 
classified as having a “cardiomyopathy” and the 
one patient with the Wolff-Parkinson-White syn- 
drome. (2) Most patients (90 per cent) had signif- 
icant myocardial disease. Indeed, 25 per cent of 
these patients were suffering from congestive heart 
failure. In the remaining 10 per cent of patients, 
arrhythmia was the only evidence of cardiac ab- 
normality. 

The term cardiomyopathy has been used to 
designate conditions variously described as myo- 
carditis and myocardosis. The diagnosis of myo- 
carditis was made in three of the patients in this 


* From the Department of Medicine, Otago University Medical School, Dunedin, New Zealand. 
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A Myocardial Syndrome 621 
group on the basis of a significant arrhythmia TABLE 1 
preps an illness which apparently damaged Analysis of Eighty Cases 
the myocardium. 

Electrocardiographic Features: Table u indicates the 3 
relative incidence of the electrocardiographic fea- Sudden | Tesal | Sarvieal 
tures mentioned in the introduction. Emphasis is Diagnosis | ‘Cases (yr.) | Deaths |Deaths| Before Death 
placed on the four main types of T wave interruption. Gay 
The number of electrocardiograms showing any one 
of the particular features has been recorded. Two Myocardial de- 
or more types of T wave interruption may, on oc- ountien 37 68 11 27 17.4 
casion, occur in the same patient ; hence in Table 0 ag 18 6s P 1s 3.7 
the total number of electrocardiograms with various _ Hypertension 9 59 1 17.3 
types of interruptions is greater than the total number Cardiomyop- 
of cases (eighty). athies . 36 2 2 0.25 

Abbreviations: In Table u, and subsequently, the Thyrotoxicosis 2; = 
following abbreviations have been used: ee 

S by S refers to examples of ventricular complexes syndrome 1 23 0 ft) _ 
of supraventricular origin interrupted by other Mitral stenosis 
ventricular complexes of supraventricular origin 

P P lotomy 1 19 0 0 
(Fig. 1). Spontaneous 1 36 0 1 1 

S by V refers to examples of ventricular complexes _— Miscellaneous 
of supraventricular origin interrupted by ectopic 3 
ventricular complexes (Fig. 1). 


V by S refers to examples of ectopic ventricular 
complexes interrupted by ventricular complexes of 
supraventricular origin. 

V by V refers to examples of ectopic ventricular 
complexes interrupted by other ectopic ventricular 
complexes (Fig. 2). 


RESULTS 


T WAVE INTERRUPTION 


On the basis of selection all electrocardiograms 
showed T wave interruptions. The T wave 
may be interrupted in four main ways. A 
complex of supraventricular or ventricular 
origin may be interrupted by either a supraven- 
tricular or a ventricular premature complex. 
Interruptions of the S by V and V by V types 


were more common than the S by S and V by 
S types. The former types were found in 
82 per cent of the electrocardiograms, the latter 
in only 28 per cent. This relative frequency 
is to be expected as ventricular premature sys- 
toles are the more common and the supraven- 
tricular type of interruption is less likely to 
occur because of delay in conduction at the 
A-V node. 

There was no difference in the frequency of 
V by V and S by V types of interruptions. 
However, of the supraventricular type of in- 
terruptions only one example of the V by S 
form was found. The V by S type of interrup- 
tion was uncommon, for this requires either 


TABLE 
Relative Frequency of the Various Electrocardiographic Features 


Number of Variability Ectopic Variability 
Electro- Multiform Multiform | of Interval | Complexes of 
Origin of Type of | cardiograms Retushe Ectopic Between the | in Runs of Interval 
Interrupting Interrup-| Showing Supra- Premature |Twoor More! Between 
Complex tion each Type ar! ventricular and (including | Successive 
of T Wave mpiexes | Complexes | Antecedent | paroxysmal Ectopic 
Interruption Complex | tachycardia) | Complexes 
Ventricular (sixty-six! V by V 42 58 16 54 48 36 
electrocardiograms) | S by V 42 
Supraventricular S by S 24 9 18 10 10 7 
(twenty-four electro-| V by S 1 
cardiograms ) 
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Fic. 1. Top tracings show S by S type interruptions (lead V;) occurring during auricular fibrillation (paroxysmal 
in the left tracing). A degree of aberration in the ventricular conduction of these supraventricular complexes may be 
seen. Middle left tracing demonstrates S by V type interruption (lead V;) with postextrasystolic T wave change in 
a patient with ischemic heart disease. Middle right tracing (Case 7) shows S by S type interruption (lead V,) 
due to a premature supraventricular systole. Aberration in the ventricular conduction of this complex may be seen. 
Lower tracings demonstrate S by V type interruptions in patients with ischemic heart disease. In all tracings arrows 
mark the sites of interruption. 


multiform ventricular complexes in addition, 
and all but twelve showed some variability of 
the interval after the preceding sinus beat 
(Fig. 3). In forty-eight of- these sixty-six 
electrocardiograms ectopic complexes occurred 


interruption of a very late interpolated ventric- 
ular extrasystole, or the interruption of a ven- 
tricular systole by a succeeding supraventricular 
premature systole. Of the twenty-four examples 
of supraventricular type interruptions (S by S), 


eleven were due to premature supraventric- 
ular beats; fifteen cases were due to rapid 
auricular fibrillation. Two tracings showed 
both forms, the auricular fibrillation being 
paroxysmal. 


OTHER ELECTROCARDIOGRAPHIC FEATURES 


Of the sixty-six electrocardiograms which 
showed ventricular types, that is, V by V or 
S by V interruptions, all but eight showed 


in runs of two or more and in the majority of 
these (thirty-six) there was a variation in the 
interval between successive ectopic complexes. 
Instability of the myocardium was further 
demonstrated by seven of these patients having 
a paroxysm of ventricular tachycardia. Of the 
twenty-four electrocardiograms which showed 
supraventricular type interruptions, all but six 
showed multiform ventricular complexes of 
supraventricular origin. About half showed 
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Fic 2. Upper left tracing shows V by V type interruption (lead m1) recorded during cardiac catheterization when the 
catheter was in the right ventricle. The T wave of the second ventricular complex has been interrupted before its 
summit. Upper right tracing shows V by V type interruption (lead V5) occurring in a patient with ischemic heart 
disease. Note the postextrasystolic —T wave inversion. Lower left tracing reveals V by V type interruption 
(lead 1) occurring during a paroxysm of ventricular tachycardia which followed a myocardial infarction. The 
appearances of T wave interruption are confirmed in such a case by noting the form of the uninterrupted T wave 
of the end complex. Lower right tracing (Case 6) shows a paroxysm of ventricular tachycardia (lead V,) occurring 
in a patient who dated his symptoms of palpitations from an attack of ‘Asian Flu.”” The paroxysm begins with an S 
by V interruption and V by V interruptions follow. In all tracings arrows mark the sites of interruption. 


variability of the interval between successive on the dominant cardiovascular disability from 
beats and the occurrence of complexes in runs which the patient suffered (Table 1). Of 
of two or more. Three of the tracings showed _ eighty patients in this series, fifty-one died; 


paroxysmal auricular tachycardia. however, many patients could well have been 

The frequent association of multiform ven- expected to die at any time from myocardial 
tricular complexes with multiform supraven- disease or in some cases from “‘old age.” Nev- 
tricular complexes is to be noted though the lat- __ ertheless, the occurrence of sudden death in 


ter may not be causing T wave interruption. — twenty-two of the fifty deaths raises the question 
Conversely, when supraventricular complexes of a sequential relationship between T wave 
are responsible for the T wave interruption, interruption and sudden death, which will be 
multiform ventricular ectopic beats may also discussed later. 
be found in the tracing. Myocardial Degeneration and Hypertensive Heart 
In approximately 15 per cent of electrocardio- §_ Disease: These two categories have been con- 
grams, alteration in the formofthe Twaveinone _ sidered together. The term myocardial de- 
or more post-extrasystolic complexes was noted — generation has been used to describe a group 


(Figs. 1 and 2). of patients whose disability appeared to be 
chronic myocardial ischemia. The great ma- 

PATHOLOGIC STATES ASSOCIATED WITH T WAVE jority were elderly. 

INTERRUPTION AND SUDDEN DEATH Of the forty-six patients in these two cate- 


Classification into eight groups was based _ gories, thirty-three died within an average of 
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Fic. 3. 
the V by V type occurring in the chest leads. 
superimposed on similar uninterrupted complexes. 


These tracings, in which several precordial leads were recorded, simultaneously show T wave interruption of 
In the left tracing complexes showing the interruptions have been 
The right tracing is a further example, but here examples of the 


uninterrupted complexes have been inserted above similar interrupted complexes. Arrows mark the sites of 


interruption. 


17.4 months after the phenomenon of T wave 
interruption was recognized. Twelve of these 
patients died suddenly. 

Cardiac Infarction: Eighteen patients had 
experienced a myocardial infarction. Of this 
number, fifteen patients died within an average 
of 3.7 months after the T wave interruption 
was recognized. Eight of these deaths were 
sudden. 

Cardiomyopathies: This is a small but interest- 
ing group (Table 11) comprising patients ordi- 
narily described as having myocarditis or 
myocardosis. In addition to our personal 
cases, a survey of the literature of cardiomy- 
opathies has been made and reference is given 
to published electrocardiograms from such 
cases in which we have been able to find exam- 
ples of the R on T phenomenon. The clinical 
conditions which led to damage of the myocar- 
dium are indicated below. 


Fiedler’s myocarditis: Case 1. A sixty-eight year 
old woman was admitted to the hospital suffering 
from Stokes-Adams syndrome. Partial and, later, 
complete heart block occurred with premature systoles 
causing S by V and V by V types of interruptions. 


The vertical lines mark time intervals of 0.2 second. 


The patient died suddenly following ventricular 
flutter. At postmortem a diagnosis of Fiedler’s 
myocarditis was confirmed. 

An idiopathic, febrile myocarditis (possibly Fiedler’s): 
Case 2. This patient, a twenty-one year old man 
who was a school teacher, was seen by the courtesy 
of the physicians of the Mahatma Ghandi Medical 
College in Indore. He had had palpitations and 
congestive heart failure for seven years. At different 
times supraventricular tachycardia, auricular fibril- 
lation, auricular flutter, all types of premature systoles 
and first and second degree heart block had been 
recorded. The T wave interruption was of the S by 
S type. 

Rheumatic myocarditis: Case 3.. An emaciated 
thirteen year old boy with congestive heart failure, 
mitral stenosis and mitral regurgitation was seen by 
the courtesy of Professor Roy of the All India Institute 
of Medical Sciences in New Delhi. In the electro- 
cardiogram, which demonstrated auricular fibril- 
lation, a very early interruption occurred 0.3 second 
after the antecedent R wave. The shortest cycle 
length was 0.5 second and the longest nearly 0.6 
second. 

Influenza: Cases 4,5 and 6. Of these three patients 
who had cardiomyopathy following influenza, one 
recovered completely ‘from the arrhythmia and 
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TABLE II 
Clinical and Electrocardiographic Details of Patients Who Showed the R on T Phenomenon. 


Degeneration,” Infarction and Hypertensive Heart Disease Have Not Been Included 
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Cases of ‘‘Myocardial 


Type of 
Interruption 
Sex 
and 
Case 
sis|viv 
-~ by | by | by | by 
sivisiv 
1 F, 68 + + 
2 M, 21 | os 
3 M, 13 + 
4 F, 23 + 
5 F, 60 + 
6 M., 26 + + 
7 M, 14 + 
8 M, 23 + 
9 M, 67 + + 
10 F, 68 + 
11 F, 78 + 
12 M, 68 + + 
13 F, 70 + 
14 F, 32 + 
15 F, 62 + 
16 F, 56 + 
17 M, 56 + 


< 
Ps load 
SBS 
#9 28 
+ + + 
+ + + 
+ + 
+ + 
+ + + 
+ 
+ + + 
+ + 
+ + 
+ + + 
+ = + 
+ 


systoles; heart block; 
short run of ventricular 
flutter 

Supraventricular prema- 
ture systoles 


Paroxysmal auricular 
fibrillation; biphasic T 
waves in leads 1 and 1 


is of 
3 Types of Rhythm 
Encountered and 
=| Electrocardiographic Clinical Features 
< Evidence of 
Myocardial Damage 
#8 
<< 
"5 
~ Partial and later com- | Fiedler’s myocarditis 
plete heart block; ven- confirmed postmor- 
tricular flutter tem; Stokes- 
Adams attack 
Supraventricular tachy- | Cardiac enlargement; 
cardia; auricular flut- congestive heart 
ter and fibrillation; failure for several! 
heart block; auricular years 
and ventricular pre- 
mature systoles 
Auricular fibrillation Rheumatic fever with 
mitral stenosis and 
regurgitation 
+ Premature ventricular Breathlessness 
systoles 
Premature ventricular Palpitations following 
systoles Asian influenza 
+ Premature ventricular Palpitations and dizzi- 
systoles; paroxysmal ness following Asian 
ventricular tachycardia influenza 
Multiple premature au- | Asymptomatic; pulse 
ricular and ventricular irregularity detected 
systoles during convales- 
cence from polio- 
myelitis 
Uniform premature ven- Asymptomatic 
tricular systoles Wolff-Parkinson- 
White syndrome 
Auricular tachycardia Hemochromatosis ; 
(1:1) and later (2:1) congestive heart fail- 
block; ventricular ure; megaloblastic 
paroxysmal tachycar- anemia; myocardial 
dia fibrosis confirmed 
postmortem 
— Premature ventricular Coronary thrombosis 
systoles; A-V dissocia- confirmed postmor- 
tiog with auricular tem 
flutter; T wave inver- 
sion in lead 1. 

a Paroxysmal auricular Cardiac enlargement 
fibrillation and heart and hypostatic pneu- 
block monia 

+ Intermittent heart block; | Cardiac infarction 
premature ventricular 
systoles; posterior in- 
farction pattern 

+ Premature ventricular Palpitations and black- 
systoles; intermittent outs 
A-V block; ischemic 
changes 

a Auricular and ventricular | Stokes-Adams attacks 
premature systoles; for five years 
complete heart block; 
ventricular paroxysmal 
tachycardia; ventricu- 
lar flutter and fibrilla- 
tion (recurrent) 

ao Premature ventricular Stokes-Adams attacks 


for five years 


Thyrotoxicosis (lowest 
basal metabolic rate, 
+ 32); labile hyper- 
tension; slight car- 
diac enlargement 

Thyrocardiac symp- 
toms improved by 
thyroidectomy 


n 

| 

48 

| 

So 

5 o™ 

DS | Died 
same 
day 

S 

Ss 

S 

DS | 18 
days 

DG 

D Same 
day 

41/9 
years 

DS | 5 
years 

DG | About 
3 
years 

DG | 7 
years 

S 


*S = Survived; D = Died; DS = Died suddenly; DG = Died gradually. 
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details have been published previously. The other 
two patients were seen recently and both related the 
onset of their symptoms of palpitations to an attack of 
‘Asian influenza” some months previously. One of 
these patients, a previously fit man of twenty-six 
years (Case 6), was observed during several short 
paroxysms of ventricular tachycardia following 
exercise. Both patients were relieved of their symp- 
toms by quinidine (Fig. 2, lower right tracing). 

Poliomyelitis: Case 7. A boy fourteen years old 
had poliomyelitis. Five months after admission 
irregularity of his pulse was noted and a subsequent 
electrocardiogram showed auricular premature sys- 
toles with T wave interruption and aberration of the 
ventricular conduction of these supraventricular 
impulses. Two years later these abnormalities were 
still present but the patient had no cardiac symptoms. 
He has had no treatment for the arrhythmia (Fig. 
1, middle right tracing). 

Hemochromatosis: Case 9. One patient, a man 
aged sixty-seven years, with hemochromatosis is 
included. Myocardial fibrosis was found on post- 
mortem examination. Interruptions of the S by V 
‘and V by V type were recorded together with 
ventricular paroxysmal tachycardia. This patient 
died suddenly. 

Chagas’ disease: We have not personally observed 
patients with this disease, but premature beats are 
commonly described. Rosenbaum and Alvarez 
make the statement that “ventricular premature 
beats were present in eight out of ten patients who 
died within the first two years of the observations; 
all of them died suddenly.” In the electrocardio- 
grams published by these authors, V by V type inter- 
ruptions may be seen (Ref. 5, Fig. 19, lead V5). 

Sarcoidosis: In this disease sudden death has been 
reported with postmortem studies revealing involve- 
ment of the heart.*.7 At least one report of a patient 
who died suddenly with sarcoid involvement of the 
heart includes an electrocardiogram which shows 
probable T wave interruption (Ref. 8, Fig. 4) 
associated with multiform premature ventricular 
systoles and transient ventricular tachycardia. 

Dystrophia myotonica: T wave interruption has 
been described among the various electrocardio- 
graphic manifestations of this disease and an example 
has been published® (Ref. 9, Fig. 4, leads m and 
aVF). 


patients 
(Cases 16 and 17) are included in this series. 
In both cases the T wave interruption was of 


Thyrotoxicosis: Two  thyrotoxic 


the S by Stype. The underlying arrhythmia in 
one was auricular fibrillation, in the other, 
supraventricular premature systoles. Both pa- 
tients survived. 

Wolff - Parkinson - White Syndrome: Case 8. 
An asymptomatic young man, twenty-three years 
of age, was found to have the Wolff - Parkinson- 


White syndrome, an electrocardiogram having 
been taken because of irregularity of his pulse. 
Although the ventricular ectopic impulses were 
uniform in shape, there was a variability of 
the interval between the ectopic complex and 
preceding sinus beat. Exercise produced T 
wave interruption of the S by V type. This 
patient has remained fit. 

Sudden death may occur in patients with the 
Wolff - Parkinson - White syndrome.” T wave 
interruption may be seen in electrocardiograms 
published" to illustrate pseudoventricular 
tachycardia and pseudoventricular fibrillation 
in this condition (Ref. 11, Fig. 3, lead m 
particularly). 

An electrocardiogram showing paroxysmal 
ventricular tachycardia produced during the 
cardiac catheterization of a patient’ with 
Wolff-Parkinson-White syndrome also shows T 
wave interruption. (Ref. 12, Fig. 2, upper 
tracing, leads 11 and 111.) 

Mechanical Irritation of the Heart During Surgical 
and Diagnostic Procedures: Both personal exper- 
ience and published electrocardiograms indicate 
that the R on T phenomenon may occur when 
the heart is subjected to manipulative procedures. 
An example of T wave interruption during mi- 
tral valvulotomy has been included and reference 
may be made to further examples" recorded 
during this operation (Fig. 3, strips 4, 5 and 6). 
In addition, procedures such as pericardiec- 
tomy (Ref 14, Fig. 2b in which the second of 
three ventricular ectopic complexes is inter- 
rupted) and the operation for pulmonary 
stenosis'® (Ref. 15, Fig. 3, b and c; also Fig. 
4), have caused T wave interruption. 

T wave interruption may also be seen during 
cardiac diagnostic procedures. It has been 
noted frequently during cardiac catheterization 
in this department (Fig. 2, upper left tracing) 
and a further example in a published series’® 
may be seen (Ref. 16, Fig. 5, second tracing, 
interruption of the first complex). T wave 
interruption may also occur’ during angiocar- 
diography” (Ref. 17, Fig. 3, Case.3, at 5, 9.5 
and 11.5 minutes), and during ventricular 
puncture’ (Ref. 18, Fig. 4: several V by V types 
of interruptions during a paroxysm of ven- 
tricular tachycardia). 

Auricular Fibrillation: A rapid auricular fibril- 
lation may produce T wave interruption of the 
S by S type. Fifteen examples have been 
found and included in the series. Eleven of 
these patients died within an average of nine 
teen months after the phenomenon was recorded. 
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Two of these deaths were sudden (Fig. 1, 
upper two tracings). 

Heart Block: In this series, eight of the electro- 
cardiograms showing T wave interruption were 
associated with heart block. The etiologic 
background of the conduction — disturbance 
varied, and some of the cases are also included 
elsewhere under appropriate headings. Three 
of these patients had had definite Stokes-Adams 
attacks and an electrocardiographic record 
of ventricular flutter or fibrillation was obtained 
in each of the three. Two of these three died 
suddenly. Details are indicated in Table m1. 

In all cases except one, the type of interrup- 
tion was, as would be expected, of the V by V 
or S by V type, the latter being found only 
when the block was intermittent. 

Eight papers’®—** in which the reproduced 
electrocardiograms of Stokes-Adams attacks 
showed T wave interruptions were found with- 
out difficulty. When the cause of Stokes- 
Adams attacks is ventricular fibrillation or 
flutter, the frequency with which there is asso- 
ciated T wave interruption is striking. Such 
interruption is usually of the V by V type, being 
due to multiform ventricular premature systoles. 

Drug-Induced T Wave Interruption: A number 
of patients in this series were receiving digitalis 
and probably the multiform premature ven- 
tricular systoles and associated T wave interrup- 
tions which were encountered were due to this 
drug. In several instances digitalis was with- 
held with the result that the R on T phenomenon 
disappeared. 

Procaine amide”? may produce premature 
ventricular systoles and ventricular tachycardia 
with T wave interruption. Fuadin® may have 
the same effect? and T wave interruption 
can be seen during a bigeminal rhythm which 
occurred during the parenteral administration 
of reserpine® (Ref. 29, Case 2, lead m). 


COMMENTS 


Interruption of the T wave by the succeeding 
premature QRS complex is a phenomenon of 
considerable physiological interest and clinical 
importance. In order to establish that T wave 
interruption has occurred, measurement of the 
T wave must be made with care. Errors 
in measurement of the termination of the T 
wave have been pointed out by Lepeschkin and 
Surawicz.* T wave interruption is not un- 
common but, as with any phenomenon of an 
intermittent character, recognition depends 
largely upon the zeal in searching for it. 
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Interest in the phenomenon of T wave in- 
terruption followed the observation (by Fastier 
and Smirk’) that T wave interruption might be 
observed experimentally during the phase of 
chaotic rhythm preceding ventricular flutter 
induced by epinephrine given after amarin 
(2:4:5-triphenyl dihydro-imidazole). This 
led to a clinical search for the phenomenon 
with the result that reports of seventeen cases 
were published the next year.’ Five of the 
patients had died at the time of publication and 
three of these deaths had been sudden. In the 
present series twenty-two of fifty-one recorded 
deaths were sudden. Since that time Lepes- 
chkin and Rosenbaum* have also associated 
T wave interruption with serious heart disease. 
Scherf and Schott,® in their book on extrasys- 
toles, note the occurrence of T wave interrup- 
tion. They quote Rothberger* as observing 
T wave interruption by interpolated extrasys- 
toles and interpreting this observation as evi- 
dence that the endogenous stimulus strength 
leading to the extrasystole must in these cases 
be considerable. Otherwise, scant reference 
has been made to T wave interruption. In 
contrast, many published electrocardiograms 
portray the phenomenon, although specific 
comment is not made by the authors. 

T wave interruption as observed in the elec- 
trocardiogram may be interpreted as being 
spatial or temporal. A spatial interpretation 
implies that a portion of the ventricular myo- 
cardium has recovered prematurely and is 
capable of propagation, while other areas are 
still undergoing repolarization and are still 
contributing to the electrical potentials of the 
T wave. 

In contrast, the temporal view is that the 
myocardium may be capable of propagating an 
impulse even though it is not fully repolar- 
ized. Evidence that such a phenomenon may 
occur was obtained by Fastier and Smirk? in 
their experiments with amarin in which T 
wave interruption was on occasion recorded by 
a local electrogram. 

Clinically, T wave interruption is usually 
associated with significant heart disease, as 
for example acute and chronic myocardial 
ischemia, hypertensive heart disease and such 
cardiomyopathies as Fiedler’s myocarditis, Cha- 
gas’ myocarditis and influenzal myocarditis. 

T wave interruption occurring during the 
acute stage of myocardial infarction probably 
indicates an added danger to the patient. 
Sudden death may occur and, as a number 
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of patients who had R on T waves have been 
observed during attacks of ventricular tachy- 
cardia, flutter and fibrillation, ventricular 
fibrillation may have been the cause of the sud- 
den deaths. When recovery from cardiac in- 
farction occurs the eventual prognosis may not 
be adversely affected. 

Of particular interest is T wave interruption 
occurring during the course of diseases asso- 
ciated with a cardiomyopathy. The associa- 
tion of myocarditis and myocardosis with sudden 
death has been well documented. Unfor- 
tunately, this correlation has usually been on 
the basis of postmortem rather than electrocar- 
diographic studies.*:*® In electrocardiographic 
studies of various types of myocarditis, arrhyth- 
mias have been documented in only a small 
percentage of the cases. However, a striking 
exception is found in chronic Chagas’ myocar- 
ditis.5 Nevertheless, where electrocardiograms 
have been published the association of T 
‘wave interruption and subsequent death has 
been noted by us in several publications. The 
frequency with which heart block and T wave 
interruption are associated at least suggests 
that the latter phenomenon may be related 
to the precipitation of ventricular fibrillation 
and its clinical manifestation, Stokes-Adams 
attacks, 

The production of T wave interruption during 
surgical and diagnostic procedures is also of 
interest, because all such procedures have been 
known to cause fatal arrhythmias. Septal 
stimulation is likely during cardiac catheteriza- 
tion and during angiocardiography. Experi- 
mentally, septal stimulation will produce T 
wave interruption.‘ 

There may be a relationship between ven- 
tricular fibrillation occurring in association 
with T wave interruption and the vulnerable 
period. The vulnerable period is a brief in- 
terval occurring in late systole during which an 
electrical shock of suitable intensity may pre- 
cipitate ventricular fibrillation. The ob- 
jection to the drawing of a direct analogy 
between an artificial stimulus producing ven- 
tricular fibrillation when applied during the 
vulnerable period and a very premature spon- 
taneous systole having the same effect, has been 
that an effective artificial stimulus needed to be 
several hundred times the threshold strength.” 
However, if the stimulus is applied accurately 
during the period of relatively enhanced excita- 
bility described by Hoffman et al.,“' or if the 
area stimulated is in the wake of the excitation 


wave (Palmer*), stimuli which are only a few 
times greater than the diastolic threshold may 
precipitate ventricular fibrillation. 

Because of the poor prognosis associated with 
T wave interruption, therapy has been given 
as soon as the phenomenon has been recognized, 
or when the electrocardiogram has shown re- 
lated features such as multiform ventricular 
systoles. Quinidine and procaine amide in 


adequate doses have almost invariably abolished 
the interruptions even though occasional ectopic 
beats may still be apparent in the tracing. 


SUMMARY 


Eighty cases of a well defined myocardial 
syndrome, an important feature of which is the 
interruption of T waves by premature QRS 
complexes, are reported. Other features of 
the syndrome include myocardial damage 
and sudden death, multiform premature ven- 
tricular complexes, aberration in the form of 
ventricular complexes of supraventricular ori- 
gin, variation in the interval between successive 
ectopic complexes and the preceding sinus 
complex and ectopic complexes in runs of two 
or more. Post-extrasystolic T wave changes 
are sometimes observed. 

The R on T phenomenon is by no means 
uncommon when looked for, and it may be seen 
in a wide variety of pathologic states involving 
the heart, such as myocardial infarction, is- 
chemic heart disease, hypertensive heart dis- 
ease and several distinct myocardiopathies. 
It may also be seen during cardiac surgery and 
during diagnostic procedures such as cardiac 
catheterization, angiocardiography and ven- 
tricular puncture. 

The phenomenon may be suspected clini- 
cally when very premature beats are noted on 
auscultation, and it is frequently found in elec- 
trocardiograms recording such arrhythmias as 
multiform ventricular systoles, ventricular tachy- 
cardia, flutter and fibrillation, auricular par- 
oxysmal tachycardia and auricular fibrillation. 

The incomplete syndrome without T wave 
interruption is very common and, frequently, 
further observation and electrocardiography 
will reveal the missing features. 

The syndrome is frequently associated with 
sudden death and prophylactic administration 
of quinidine is recommended as a therapeutic 
measure. 
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Heart Sounds and Murmurs in 
Arterial Hypertension’ 


THomas C. PucHNER, M.D.,f JoHN H. Hyuston, M.pD., and GEorGE A. HELLMUTH, M.D., F.A.C.C., 


Milwaukee, Wisconsin 


INCE the advent of phonocardiography, con- 
derable attention has been given to the 
adequate registration of heart sounds and 
murmurs; however, very little has been written 
about the recording of the stethoscopic findings 
in arterial hypertension. Previous .investiga- 


tions of the graphic characteristics of heart 


sounds and murmurs in hypertensive patients 
were Carried out without the benefit of suitable 
filtering and amplifying procedures. Modern 
electronic devices allow a more precise and 
accurate recording of these auscultatory events. 
It is the purpose of this study to present, by 
our method of phonocardiography, a compre- 
hensive analysis of the heart sounds and mur- 
murs in patients with hypertension. 


CasE MATERIAL 


Forty-three patients with moderate to severe ar- 
terial hypertension were selected for phonocardiog- 
raphy from the wards of a large general hospital. 
They were included in the study when their recum- 
bent diastolic blood pressure was consistently 110 
mm. Hg or above. Of these forty-three patients with 
hypertension, three had chronic glomerulonephritis 
and the remainder had essential benign hyperten- 
sion. The patients had a complete history and 
physical examination, complete blood count, urinaly- 
sis, serology, chest x-ray, and electrocardiogram. 
Almost all the patients had been referred to the hyper- 
tensive-nephritic service of the hospital for diagnostic 
workup and treatment. None of the forty-three 
patients had a history or evidence of rheumatic fever, 
syphilitic aortic disease, congenital heart disease or 
significant anemia. 

The forty-three patients were divided into three 
groups based on the presence of left ventricular hyper- 
trophy or the finding of a faint basal diastolic murmur: 


Group I consisted of twelve patients with no evi- 
dence of left ventricular hypertrophy on physical 
examination, electrocardiogram or posteroanterior 
chest roentgenogram and without the auscultatory 
finding of a basal diastolic murmur. Two of the 
twelve were being maintained on digitalis because of 
a past episode of congestive heart failure; however, 
at the time of their phonocardiographic study there 
was no evidence of cardiac insufficiency. 

Group IIT was comprised of sixteen patients who also 
had no evidence of a diastolic murmur at the base of 
the heart on physical examination; however, they 
did have left ventricular hypertrophy on physical 
examination, electrocardiogram and chest roentgeno- 
gram. Ten patients in this group had a past history 
of congestive heart failure on at ledst one occasion; 
they were being maintained on digitalis at the time 
of phonocardiography. Of the remaining six pa- 
tients in group un, two had mild exertional dyspnea 
and four were free of cardiovascular symptoms. 

Group III consisted of fifteen patients who had, on 
auscultation, an early diastolic murmur at the base 
of the heart; we believe that this murmur was due 
to insufficiency of the aortic valve. All the patients 
in this group had left ventricular hypertrophy on 
physical examination, electrocardiogram and pos- 
teroanterior chest roentgenogram. None of these 
patients had the peripheral vascular manifestations 
of aortic insufficiency. Two had minimal dilatation 
of the aorta on chest roentgenogram (posteroanterior 
projection). Nine patients had had the clinical 
manifestations of congestive heart failure in the past 
and were being maintained on digitalis at the time 
the phonocardiogram was recorded. A tenth patient 
had dyspnea on exertion; he was not receiving digi- 
talis at the time of the sound tracing. The remaining 
five patients did not exhibit evidence of congestive 
heart failure on physical examination. 

Control Series: Nineteen persons without evidence 
of heart disease were selected from hospital personnel 


* From the Department of Internal Medicine, Cardiovascular Section, Marquette University School of Medicine, 
and the Milwaukee County Hospital, Milwaukee, Wisconsin. This study was carried out during Dr. Puchner’s 
tenure as a Research Fellow of the Wisconsin Heart Association. 

+ Present address: Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis, Minnesota. 
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Heart Sounds and Murmurs in Arterial Hypertension 631 
TABLE I 
Findings in Forty-Three Hypertensive Patients 
| 
Ri al First Sound | Second Sound 
| (Recumbent) | Q-1 (sec.) (sec.) Third | Fourth 
No. (mm. Hg) Interval Sound Sound Murmurs* 
o. m, Race | (sec.) Apex Apex 
Aortic Aortic 
| Systolic | Diastolic Area agen Area agen 
Group I. Hypertension Without Left Ventricular Hypertrophy and Without Aortic Insufficiency 
1f 36, F, N 210 140 84 0.06 0.12 0.14 0.08 0.06 aa Present | None 
2% 63, M, N 160 110 82 0.07 0.13 0.16 0.07 0.06 a ee None 
3 45,M,W | 190 130 68 0.06 0.14 0.16 0.07 0.06 Fr None 
4 26,F,N | 170 120 60 0.06 0.13 0.16 0.06 0.05 aoe es None — 
5 51,F,N | 160 110 62 0.05 0.10 0.14 0.07 0.06 Sen ees Grade 1, SM, 
aortic 
6 42, F, N 180 115 83 0.06 0.10 0.11 0.08 0.06 Kee Present | Grade 2, SM, 
aortic 
7 60, F, N 210 110 79 0.06 0.12 0.13 0.07 0.07 a¥e ve Grade 2, SM, 
apex 
8 53, F, N 165 125 100 0.06 0.12 0.14 0.07 0.05 ote pete Grade 1, SM, 
aortic 
9 36, M, N 160 115 60 0.05 0.13 0.13 0.06 0.06 aie ee Grade 1, SM, 
apex 
10 43, F, W 185 120 80 0.06 0.12 0.12 0.07 0.06 an +e Grade 2, SM, 
apex 
11 50, M, W 190 110 90 0.06 0.12 0.13 0.06 0.05 en ve Grade 1, SM, 
apex 
12 41, M, W 190 125 79 0.05 0.13 0.13 0.06 0.05 nce roa Grade 1, SM, 
apex 
(0.06)¢ | (0.12) | (0.14) | (0.07) | (0.06) 
Group II. Hypertension with Left Ventricular Hypertrophy but Without Aortic Insufficiency 
137 44,M, W 220 125 50 0.07 0.12 0.14 0.08 0.08 ne Ne None 
14 38, M, W 260 150 Be: 0.06 0.17 0.18 0.08 0.06 A's ed None 
15¢ 59, F, N 240 130 80 0.07 0.09 0.10 0.08 0.07 kaa Present | Grade 3, SM, 
aortic 
16 48, F, W 250 140 86 0.05 0.11 0.12 0.08 0.06 ate Present | Grade 2, SM, 
pulmonic 
17t 45, M, W 200 120 74 0.05 0.12 0.12 0.08 0.06 awe ree Grade 2, SM, 
pulmonic; 
PSM, apex 
18+ 68, F, W 220 110 67 0.06 0.12 0.13 0.08 0.06 Present Present | Grade 2, SM, 
aortic 
19+ 44,M, W 180 120 83 0.07 0.12 0.13 0.07 0.07 Present Present | Grade 1, SM, 
aortic; 
Grade 1, SM, 
apex 
20+ 55, M, W 220 140 72 0.04 0.10 0.12 0.07 0.06 TT Present | Grade 3, SM, 
apex 
21t 80, M, W 240 130 65 0.04 0.10 0.10 0.07 0.05 a3: cna Grade 3, SM, 
aortic; 
Grade 3, SM, 
apex 
22t 44, M,N 170 140 66 0.07 0.12 0.12 0.09 0.08 Present a Grade 4, SM, 
apex; PSM, 
apex 
23t 56, M, N 210 110 47 0.07 0.16 0.18 0.09 0.06 cha ey Grade 1, SM, 
apex 
24 42, M,N 175 125 83 0.07 0.14 0.17 0.08 0.07 esa Present | Grade 2, SM, 
pulmonic; 
systolic click, 
aortic 
25 49, M,N 180 120 57 0.06 0.14 0.16 0.07 0.06 se soe Grade 2, SM, 
apex 
26 39, F, N 215 125 100 0.06 0.12 0.15 0.08 0.07 Present wie Grade 3, SM, 
pulmonic 
Grade 2, SM, 
apex 
27t 59, F, W 180 115 75 0.07 0.10 0.13 0.09 0.07 Present “fe Grade 2, SM, 
apex 
(atrial 
fibrillation) 
28 49, F, W 200 120 79 0.07 0.12 0.14 0.08 0.06 +r ah Grade 2, SM, 
(0.06) (0.12) | (0.14) | (0.08) | (0.07) apex 


(Continued on next page) 
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TABLE I (Continued) 
Findings in Forty-Three Hypertensive Patients 


Blood 
Pressure 
(Recumbent) Q-1 


Case | Age (yr.), (mm. Hg) Heart | interval 


First Sound 
(sec.) (sec.) Third 


Second Sound 


Fourth 
Sound Sound 


No. Sex, Race Rate (sec.) 


| Systolic | Diastolic Area 


Aortic 


| 

| Murmurs* 
Apex | Apex 
Aortic Apex | 


Apex Area 


Group III. Hypertension with Both Left Ventricular Hypertrophy and Aortic Insufficiency 


29¢ 72, M, W 240 110 70 0.08 0.15 


30¢ 41, M, W 210 140 81 0.09 0.12 


31F 74, F, W 200 110 97 0.08 0.12 
32 48, M, N 260 150 94 0.06 0.13 


33 37, M,N 205 155 88 0.09 0.12 
34 52, M, W 240 130 54 0.08 0.12 


.08 


35T 74, 3,'W 190 110 92 0.07 
WwW 12 


5 
36 42, M, 230 120 60 0.08 


oo 


37+ 66, M, N 240 125 60 0.07 0.10 


387 58, F, W 210 110 60 0.07 0.10 


39 43, F, W 180 130 54 0.07 0.10 


40¢ | 59,M,W 180 135 94 | 0.08 0.08 
41 22, M, W 200 160 82 | 0.08 0.08 
42+ | 59,F,N 240 140 100 | 0.06 0.08 
43+ | 57,M,W 215 140 78 | 0.08 0.10 


(0.08) 


(0.11) 


Grade 1, SM, 
3PL; DM, 
aortic 

Grade 1, SM, 
3PL; DM, 
3PL; PSM, 
apex 

Present | ays Grade 2, SM, 

3PL; DM, 

aortic 

Present | Present Grade 2, SM, 

4PL; DM, 
aortic 

DM, 3PL 

Grade 1, SM, 
3PL; DM,. 
3PL; PSM, 

| apex 

| DM, 3PL 

Grade 2, SM, 
apex; DM, 


0.16 0.08 0.09 Present 


0.14 0.09 0.09 Present 


Present 
0.16 0.12 0.12 


0.10 0.09 0.10 
0.14 0.09 0.08 ap | Present 


Grade 3, SM, 
aortic; DM, 
aortic; PSM, 
apex 

Grade 2, SM, 
aortic; 

Grade 3, SM, 
apex; DM, 
3PL 

Grade 2, SM, 
aortic; 

Grade 2, SM, 
apex; DM, 
3PL 

Grade 2, SM, 
apex; DM, 
aortic 

| neta Grade 2, SM, 

aortic; DM, 

3PL 

| Present Grade 2, SM, 

aortic; DM, 

3PL 

| Grade 1, SM, 

apex; DM, 

3PL 


o 
N 
= 


0.10 0.07 0.07 oe | Present 
0.12 0.08 0.04 | 


0.12 0.07 0.04 


0.12 0.12 0.10 Present 


(0.13) | (0.09) | (0.08) | 


Note: Cases 37 and 43: dilatation of aorta visible on chest roentgenogram. 
*SM = systolic murmur; DM = diastolic murmur; PSM = presystolic murmur; 3PL = third left parasternal; 4PL = fourth left parasternal. 


t Digitalis therapy. 
t Figures in parentheses represent the mean. 


and patients; they were used as control subects. 
The recumbent blood pressure in this series of normal 
subjects was under 150/90 mm. Hg. These subjects 
were placed in a fourth group (group IV). 

Tables 1 and m contain additional personal charac- 
teristics of the four groups. 


METHODs AND EQUIPMENT 


Conditions: The forty-three hypertensive patients 
and nineteen control subjects underwent phono- 


cardiographic studies using conventional equipment 
(Sanborn twin-beam phonocardiograph). Seventeen 
of the forty-three patients with hypertension were 
also studied with a band-pass filter and additional 
amplification. All the technical studies were made 
in a room in the hospital which had been converted 
into a sound-proof chamber. The patients were 
usually referred to us by the members of the house 
staff. We determined on the ward whether the pa- 
tient had a persistent hypertensive state by repeated 
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Heart Sounds and Murmurs in Arterial Hypertension 633 
TABLE 0 
Group IV. 19 Normal Subjects 
Blood First Sound Second Sound 
Pressure (sec. ) (sec. ) 
(Recumbent) Heart Q-1 
Subject Age (yr.), Sex (mm. Hg) Rate Interval 
and Race (per (sec. ) 
min. ortic ortic 
Systolic Dias- Area Area Ages 
tolic 

1 55, M, W 140 80 71 0.05 0.14 0.16 0.05 0.06 
2 43, M, W 110 80 75 0.05 0.14 0.15 0.05 0.06 
3 56, M, N 120 84 94 0.06 0.07 0.13 0.07 0.06 
4 69, M,N 138 80 71 0.04 0.15 0.16 0.06 0.06 
5 34, M, N 125 85 66 0.06 0.14 0.15 0.05 0.04 
6 44, M, W 120 80 80 0.05 0.11 0.12 0.06 0.05 
7 65, M, W 140 90 92 0.04 0.14 0.15 0.05 0.05 
8 50, M, W 115 85 71 0.06 0.14 0.15 0.06 0.05 
9 48, M, W 144 90 79 0.05 0.18 0.22 0.05 0.06 
10 42, M, W 130 95 77 0.05 0.10 0.11 0.04 0.05 
11 54, M, N 130 95 98 0.07 0.11 0.14 0.06 0.05 
12 39, M, W 110 85 60 0.06 0.12 0.14 0.06 0.05 
13* 43, M, W 112 65 62 0.06 0.12 0.15 0.06 0.05 
14 42, M, W 108 80 60 0.05 0.12 0.16 0.06 0.04 
15 34, M, W 124 86 54 0.05 0.11 0.14 0.05 0.04 
16 49, M, W 135 90 65 0.04 0.11 0.14 0.06 0.05 
17 52, M, W 120 90 79 0.06 0.14 0.15 0.05 0.04 
18 31, M, W 118 70 67 0.05 0.13 0.14 | 0.08 0.06 
19 45, M, W 128 87 58 0.06 0.12 0.13 0.06 0.05 
(0.05)f (0.12) (0.15) (0.06) (0.05) 


* Grade 2 systolic murmur at pulmonic area. 
t Figures in parentheses represent the mean. 


determinations of the arterial blood pressure (cuff 
method) after the patient had been lying in the re- 
cumbent position for several minutes. These pa- 
tients were later studied by our method of phono- 
cardiography in the sound-proof room. They were 
permitted freedom of activity before phonocardiog- 
raphy; none was sedated. The studies were made 
without relationship to meals. Three blood pressure 
determinations were made with the subject in the 
standing, sitting and recumbent position. The recum- 
bent systolic and diastolic pressures are reported in the 
tables. 

Equipment and Technic: We employed as a recording 
device: (1) a twin-beam phonocardiograph (San- 
born), (2) a variable band-pass filter* and (3) an 
amplifying stethoscope.t The technic was as fol- 
lows: an electromagnetic microphone was placed 
over the chest of the patient and plugged into the 
amplifying stethoscope. A cable was connected from 
the output of the amplifying stethoscope to the input 
of the band-pass filter. The output cable of the filter 
was plugged into the microphone outlet (input) of the 
sound amplifier of the twin-beam phonocardiograph 


* Model 310AB Krohn Hite Instrument Company, 
Cambridge, Massachusetts. 

+t Model 256 Sanborn Company, Waltham, Massa- 
chusetts. 
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(channel A); an electrocardiogram was recorded by 
channel B. The low- and high-pass frequencies of 
the filter were set at the desired limits and the trac- 
ing was made; for example, the low and high fre- 
quency vibrations of the stethogram were cut off by 
selecting a frequency band of 150 to 200 c.p.s. The 
amplitude of the sound vibrations was controlled by 
the “loudness” knob of the amplifying stethoscope. 
In this manner we were able to regulate the sensi- 
tivity of the amplifying system so that the intensity 
‘of faint murmurs, heard on auscultation, might be 
satisfactorily reproduced; an audiophone was used 
to monitor this procedure. 

Sound tracings were obtained with both the bell 
and diaphragm chest piece at the second right para- 
sternal area (aortic); the second left parasternal 
area (pulmonic); the third, fourth and fifth left 
parasternal areas; the mid-precordium; and the 
apex. Stethoscopic records were obtained on every 
patient; logarithmic tracings were made on some of 
our patients, but the heart sound vibrations were too 
low in amplitude and thus were not evaluated in our 
study. An apex cardiogram and carotid pulse trac- 
ing were obtained on almost all the patients. The 
apex cardiogram was used to time the diastolic events 
of the heart and the carotid pulse was used to denote 
the time of occurrence of the second heart sound. 
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Fic. 1. Comparison of the vibrations of a fourth heart 
sound and a presystolic murmur. Upper tracing, fourth 
heart sound (standard phonocardiograph) recorded at 
apex. Lower tracing, presystolic murmur (standard 
phonocardiograph) recorded at apex. 


The length of the Q-1 interval was determined in all 
patients. Measurements of this interval were made 
with the microphone placed at the apex, using lead 1 
as a reference. 

Murmurs were recorded as to intensity (system of 
6 for systolic murmurs), frequency response, location 
in the cardiac cycle, duration and microphone posi- 
tion on the chest where the murmur was recorded 
best. 


RESULTS 


GROUP I 


The characteristics of the patients and of the 
phonocardiograms are presented in Table 1. 
In accordance with clinical experience, splitting 
of the first or second heart sound was not found; 
nor were any third heart sounds present. A 
fourth heart sound of low frequency and low 
amplitude (intensity) was present in two patients 
in this group. It was diphasic in configuration 
and occurred immediately after the P wave in 
the electrocardiogram. It preceded the main 
vibration of the first heart sound by 0.09 second. 
The average duration of the fourth sound was 
0.04 second; it was best recorded at the apex 
with the bell chestpiece. An example of this 
sound is presented in Figure 1 (upper tracing), 
which was recorded in a patient in group II. 

Eight of the patients in group 1 had systolic 
murmurs, which were recorded best at the apex 
in five patients and at the second right paraster- 
nal area in the other three (base). The apical 
murmurs were low in intensity (grade 1 to 2) 
and early systolic in time; the frequency re- 
sponse was in the medium range (80 to 150 
c.p.s.). The basal murmur was of grade 1 in- 
tensity in two patients and grade 2 in the other; 


it occurred in early and middle systole and was 
best recorded in the frequency range of 60 to 
110 c.p.s. No diastolic murmurs were re- 
corded. All the patients in this group had a 
normal! rate and rhythm at the time of phono- 
cardiography. A prolonged P-R interval was 
not found in any of our hypertensive patients. 


GROUP II 


The findings in this group are presented in 
Table 1. As in group 1, no splitting of the first 
or second heart sound was found. Five patients 
had a third heart sound; this was low in ampli- 
tude, of low to medium frequency, and its 
duration averaged 0.06 second. The third heart 
sound was characterized by a monophasic or 
diphasic vibration that occurred 0.11 to 0.20 
second after the initial main vibration of the 
second heart sound (average = 0.15 second). 
It was best recorded at the apex with the bell 
chestpiece. Two of the five patients with a 
third heart sound also had a fourth heart 
sound. An additional four patients had a fourth 
heart sound without a third heart sound being 
present; thus, a total of six patients had a fourth 
heart sound. The fourth heart sound was usually 
diphasic in configuration and preceded the 
main vibration of the first heart sound by a 
time interval of 0.08 to 0.13 second. The 
average duration of the third heart sound at the 
apex was 0.06 second, and the average duration 
of the fourth heart sound in this same area 
was 0.05 second. One patient had atrial 
fibrillation and a fourth heart sound was not 
present. Two patients had a fourth heart 
sound of greater than 0.07 second in duration; 
we thought that these vibrations might repre- 
sent a presystolic murmur. The vibrations were 
low in amplitude and frequency and were not 
crescendo in configuration. They were re- 
corded best with the patient lying in the re- 
cumbent position and were more readily de- 
tected with the bell than the diaphragm chest- 
piece. 

Figure 1 (upper tracing) shows a fourth heart 
sound; this was recorded at the apex on the 
routine phonocardiogram. Figure 1 (lower 
tracing) represents a routine apical phono- 
cardiogram on a patient in group u, which 
shows presystolic vibrations greater than 0.07 
second in duration (murmur). 

A mid-systolic click was present at the second 
and third left parasternal area on one graph. 
It occurred about 0.20 second after the initial 
main vibration of the first heart sound. Two 
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patients in this group had no murmurs, but a 
systolic murmur was present in the remaining 
fourteen patients. The predominant location 
of the systolic murmur was at the apex (nine 
patients); this murmur was holosystolic, of 
medium frequency, and the intensity varied 
from grade 1 to 4 (two had a grade 1 murmur; 
only one had a grade 4 murmur). Besides the 
apical murmur, two patients also had a sys- 
tolic murmur at the second right parasternal 
area and one patient had a systolic murmur at 
the second left parasternal region. In addition, 
two patients had murmurs in the aortic area 
alone, and three had systolic vibrations only in 
the pulmonic region. These vibrations at the 
base of the heart were usually holosystolic 
in time, low in amplitude and of low to medium 
frequency. At the time of phonocardiography, 
the cardiac rate was under 60 in three patients 
in this group; the remaining thirteen had a 
heart rate between 60 and 100. One patient 
had atrial fibrillation; the other fifteen had 
sinus rhythm. 


GROUP III 


The characteristics of group 11 are presented 
in Table I. The amplitude of the second heart 
sound was usually greatest at the second right 
parasternal area. Splitting of the first or second 
heart sound was not present. Five patients 
in this group had a third heart sound; two 
of these patients also had a fourth heart sound 
of less than 0.06 second duration. An ad- 
ditional four patients had a fourth heart sound, 
making a total of six patients in this group with 
a fourth heart sound. The third heart sound 
occurred 0.16 second (average) after the initial 
main vibration of the second heart sound; 
the fourth heart sound preceded the main 
vibration of the first heart sound by an interval 
of 0.10 second (average). The average duration 
of both the third and fourth heart sounds was 
0.05 second; they were best recorded at the 
apex with the bell chestpiece. Three patients 
had presystolic vibrations of greater than 0.07 
second duration (presystolic murmur). The 
third and fourth heart sounds were of low fre- 
quency and low amplitude in almost all in- 
stances; on one occasion the amplitude of the 
third heart sound equalled that of the second 
heart sound. 

A systolic murmur was recorded in thirteen 
patients in this group; the remaining two had 
no vibrations in systole. A systolic murmur at 
both the apex and the aortic area was demon- 
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3RD PARASTERNAL LEFT-REGULAR(BELL) 


im 


3PL 150-200 C.P.S. (FILTERED) 


Fic. 2. Comparison of heart sounds and murmurs re- 
corded from the third left parasternal area with a stand- 
ard phonocardiograph (upper tracing) and a band-pass 
filter and further amplification (/ower tracing). Distinct, 
early vibrations are not visualized in the upper non- 
filtered stethogram. On the lower record, vibrations of 
medium to high frequency are seen following a high fre- 
quency second heart sound of increased amplitude and 
duration. To obtain this tracing, a band of 150 to 220 
c.p.s. was selected. 


strated in two patients. Three additional 
patients had only an apical systolic murmur; 
three patients had a systolic murmur which was 
recorded best at the second right parasternal 
area; four patients had vibrations in systole 
which were best visualized at the third left 
parasternal area; and one patient had a systolic 
murmur with maximal intensity at the fourth 
left parasternal area. Systolic murmurs at the 
apex had an intensity of grade 1 to 3, were early 
and mid-systolic in time and consisted of 
vibrations of medium frequency. The intensity 
of the systolic murmur at the base was usually 
low (grade 1 to 2); the vibrations were of 
low-medium frequency and occurred, as a 
rule, throughout systole. 

Fifteen patients in this group had conventional 
phonocardiograms and ten of them had special 
filter studies with additional amplification. 
All had an early basal diastolic murmur on 
physical examination; it should be noted that 
we were not able to record this murmur with 
the twin-beam phonocardiograph. The use of 
the band-pass filter combined with the ampli- 
fying stethoscope made it possible to obtain 
a distinct, accurate recording of this diastolic 
event. Figure 2 (upper tracing) represents a 
phonocardiogram taken with a Sanborn twin- 
beam phonocardiograph on a_ hypertensive 
patient who had a basal diastolic murmur; 
no early diastolic vibrations are seen. Figure 
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TABLE III 
Duration of the Second Heart Sound at the Aortic Area 


S. Duration (sec.): Frequency Distribution 


0.07 0.08 0.09 


Oowohon 
N 
uw 

OWS 


8 


0.05 0.42 0.89 


* Represents the cumulative fraction of total number (%/100). 


2 (lower tracing) demonstrates that the filter 
and amplifier clearly recorded the diastolic 
murmur on this same patient. 

The basal diastolic murmur was best re- 
‘corded when a frequency band of 150 to 200 
c.p.s. was selected. The murmur was usually 
low in amplitude, evanescent and occurred 
immediately after a second heart sound of 
increased amplitude. It was confined chiefly 
to the protodiastolic period, was decrescendo 
in contour and was recorded best at the third 
left parasternal area and occasionally at the 
second right parasternal area. —The murmur was 
more easily detected during expiratory apnea 
with either the bell or diaphragm chestpiece. 

Two patients in this group had a cardiac 
rate of 54 when the phonocardiogram was 
recorded; the remaining rates were between 
60 and 100. The rhythm in all patients was 
sinus. 


GROUP IV 


There were nineteen men in the control 
group. The characteristics of this group are 
shown in Table 1. One man had a second 
heart sound which was slightly split at the sec- 
ond parasternal left area. A second man had a 
grade 2 early systolic murmur at the second 
left parasternal area. No diastolic sounds or 
murmurs were recorded in any subject of this 
group. The electrocardiograms of these per- 
sons were all with norma] limits. 


DURATIONS OF SOUNDS 


No important differences in the duration of the 
first heart sound were noted. However, a steady 
progression of the duration of the second sound, 
as compared to the normal group, was observed 


in groups 11 and m1 with increasing degrees of 
pathological processes. The duration of the 
second sound as measured at the aortic area in 
the several groups is presented in Table 11. 

The differences between the several groups 
were tested with the Kolmogorov-Smirnov 
modification of the chi square procedure for 
non-parametric distributions’; the formula 
applied was: 


iN; 


The duration of the second sound was signifi- 
cantly longer in groups 1, 1 and mm than in 


group Iv (normal). Also, the second heart 
sound in groups 1 and m1 was significantly 
longer than that in group; the differences were 
not significant between groups 1 and m1. 


THE Q-1 INTERVAL 


The Q-1 interval was measured in all groups 
and the distribution of these intervals is pre- 
sented in Table 1v. The differences were 
tested with the chi square modification used in 
examining the significance of differences of the 
second heart sound duration. The differences 
between groups I and 1 and groups 1 and Iv 
were not found to be significant. Group mI 
was found to have a statistically significant 
longer Q-1 interval when compared to groups 
1, m1 and iv. Differences between groups IV 
and 11 are indicated at the 5 per cent probability 
level. 


COMMENTS 


First Heart Sound: The first heart sound at 
the apex and the aortic area was normal in 
amplitude and duration in all groups studied. 
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TABLE IV 
Length of Q-1 Interval 
Q-1 Interval (sec.): Frequency Distribution 
G No. of 
Cases 
0.04 0.05 0.06 0.07 0.08 0.09 
I 12 pts 3 8 1 
0.25* 0.92 1 
Il 16 2 2 4 8 
0.13 0.25 0.50 1.00 ae 
111 15 oe 2 4 7 2 
0.13 0.40 0.87 1 
IV 19 3 8 7 1 
0.16 0.58 0.95 1 


* Represents the cumulative fraction of total number (%/100). 


Luisada* has reported that the first heart 
sound at the aortic area (aortic first sound) is 
often prolonged in some cases of hypertension. 
In our studies, the average duration of the 
first heart sound at the aortic area in the three 
hypertensive groups was the same as that ob- 
served in the control group (0.12 second). 
However, two patients in group 1 had a dura- 
tion of the aortic first heart sound of 0.16 
second and 0.17 second, respectively; these 
patients also had prolongation of the first sound 
at the apex (0.18 second in both patients). 
One patient in group m1 also had a significant 
increase in duration of the aortic first sound 
(0.15 second); in this patient the first heart 
sound at the apex was also increased in duration 
(0.16 second). Thus, we found that the aortic 
first sound was prolonged only in those in- 
stances when the apical first sound was long in 
duration. 

Second Heart Sound: The second heart sound 
at the base is accentuated in arterial hyper- 
tension.* In our phonocardiographic studies 
at the different areas, we found that the second 
heart sound was longer in duration and greater 
in amplitude at the aortic area. It was most 
often composed of regular high frequency 
vibrations. The greatest duration of the second 
heart sound was seen in patients with aortic 
insufficiency (group m1). The mean duration 
of the second heart sound at the apex was 
slightly less than that in the aortic area in both 
the control and hypertensive groups. We did 
not observe splitting of the second heart sound 
in any of the patients with hypertension. 

Systolic Click: An early systolic click was 
described by Potain* in hypertension. Mc- 
Kusick et al5. also noted an early systolic click 
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at the aortic area in a patient with severe 
arterial hypertension and mild dilatation and 
elongation of the aorta. Only one of our pa- 
tients had a systolic click (in group m); this 
click was mid-systolic in time. This patient 
also had a grade 2 early systolic murmur with 
maximal intensity at the pulmonic region. A 
postero-anterior chest roentgenogram did not 
reveal dilatation of the ascending aorta. An 
early systolic ejection sound was not found in 
two patients who had minimal dilatation of the 
ascending aorta on chest roentgenogram. A\l- 
though systolic clicks have been said to be due 
to systemic arterial hypertension (ejection 
dilatation of the aorta during systole), the 
infrequency of this finding in our study appears 
to indicate that this is an unlikely explanation. 
Diastolic Sounds: Weitzman® found a fourth 
heart sound on phonocardiography in forty- 
six of 131 hypertensive patients (35 per cent). 
Ninety-six per cent of the forty-six patients with 
a fourth heart sound had left ventricular hyper- 
trophy on electrocardiogram and chest roent- 
genograms; however, a significant left ventricu- 
lar hypertrophy was also present in 75 per 
cent of the remaining group of eighty-five 
patients. Weitzman found that the incidence 
of cardiac failure was higher (23 per cent) in 
the group with a fourth heart sound than in that 
without (9 per cent); 20 per cent of the patients 
in whom this sound was recorded were symp- 
tom-free. Blood pressure readings in his two 
groups showed no significant difference. Miles’ 
noted a fourth heart sound gallop on clinical 
examination and phonocardiography in twenty- 
three of one hundred hypertensive patients 
(23 per cent), and a third heart sound gallop 
in only six of one hundred patients ( 6 per cent), 
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At the time of his recording of the fourth heart 
sound, the average pulse rate was 90 (range = 
60 to 100). When a third sound gallop was 
recorded, the average pulse rate was 93 (range 
= 75 to 106). Miles showed poor correlation 
between gallop rhythm and the degree of heart 
disease, as judged by the blood pressure, heart 
size, electrocardiographic abnormality and 
degree of cardiac failure. Our investigation 
generally confirms these graphic studies of 
Weitzman and Miles. 

In our series of forty-three hypertensive 
patients, a fourth heart sound was found more 
often than a third heart sound. Blood pressure 
recording in the patients with and without a 
third or fourth heart sound showed no signifi- 
cant difference. The presence of a fourth 
heart sound was noted in all three groups; 
however, it was found more often in patients 
with left ventricular hypertrophy than in those 
without. A fourth heart sound was also noted 
on the graphic records of patients in all three 
groups who were well maintained on digitalis. 
Eight of the patients with a fourth heart sound 
had past evidence of congestive heart failure 
and six did not. 

A third heart sound was found only in patients 
with left ventricular hypertrophy. It was 
noted in five patients in group 11; four of them 
had a history of congestive failure. This sound 
was also noted in five patients in group 111; three 
of them were being maintained on digitalis 
because of past episodes of cardiac failure. It 
seems from these data that a third heart sound 
may be recorded more often (70 per cent) than 
a fourth heart sound (57 per cent) in patients 
with congestive failure due to hypertension. 

Presystolic Murmur: An apical presystolic 
murmur is not a rare finding in patients with 
hypertensive heart disease. In our study, this 
murmur was easily visualized on the routine 
phonocardiogram. Its presence was not related 
to an abnormality of the first heart sound; 
often the presystolic vibrations extended into the 
vibrations of the first heart sound. It is possible 
that the murmur may represent what Austin 
Flint® described in the past in patients with 
severe aortic insufficiency. In our series, two 
patients in group 1 had presystolic vibrations 
longer than 0.07 second in duration, which in 
our opinion can be classified as a distinct mur- 
mur. A presystolic murmur was found in three 
of the fifteen patients with aortic insufficiency 
(group m1). This murmur was not found in 
patients without left ventricular hypertrophy. 


The presence of a presystolic murmur did not 
correlate with the level of the systolic or 
diastolic blood pressure or the height of the 
pulse pressure. 

Although the number of patients who had 
a presystolic murmur is small, it seems that its 
existence is related to the presence of at least 
moderate left ventricular hypertrophy. Both 
patients in group 1 with a presystolic murmur 
had evidence of congestive heart failure in the 
past and were receiving digitalis at the time of 
phonocardiography. Of the three patients in 
group Ill with a presystolic murmur, two were 
receiving digitalis and one was not; thus a total 
of four of five patients with a presystolic murmur 
had had cardiac decompensation in the past. 
This indicates perhaps that this murmur is more 
often associated with advanced rather than 
early hypertensive heart disease. No mid- 
diastolic murmurs were recorded in any patient 
of the three groups. 

Apical Systolic Murmur: The predominant 
location of a systolic murmur in hypertensive 
heart disease is at the apex.®° In our study, 
systolic murmurs at the apex were found in 
five patients in group I, seven in group 1, and 
five in group m1. Thus, the incidence of this 
murmur was about the same in the three groups. 

The apical systolic murmur was usually low 
in intensity and occurred most often in early 
and middle systole. Almost all apical systolic 
murmurs were best visualized when a band of 
60 to 110 c.p.s. was selected (range = 60 to 
150 c.p.s.). The presence of the murmur did 
not seem to be dependent on the level of the 
arterial pressure at the time of phonocardiog- 
raphy. The murmur was, as a rule, greater in 
intensity and longer in duration in persons with 
left ventricular hypertrophy. There was no 
essential difference in the characteristics of the 
murmur in those patients with and without 
aortic insufficiency. This murmur is believed 
to be due to relative mitral insufficiency." 

Basal Systolic Murmur: A systolic murmur at 
the base is not an uncommon finding in patients 
with hypertensive heart disease.’ A _ systolic 
murmur at the second right parasternal area 
was found in three patients in group 1, four 
in group 1 and five in group m1. A systolic 
murmur with maximal intensity at the second, 
third or fourth left parasternal areas was not 
found in group 1; however, it was present in 
four patients in group 1 and in five in group 
Il. 

The basal systolic murmur in patients in 
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group I occurred in early and middle systole 
and was low in intensity. In patients in groups 
1m and i (those with left ventricular hyper- 
trophy), the murmur at the base was holosys- 
tolic in time and also low in intensity. The 
basal systolic murmurs were best recorded within 
a frequency band of 60 to 110 c.p.s. The pres- 
ence of the systolic murmur in the three groups 
did not seem to be associated with significant 
differences in the systolic, diastolic or pulse 
pressures at the time of the technical examina- 
tion. The basal systolic murmur was generally 
longer in duration and greater in intensity in 
patients with left ventricular hypertrophy. 
One patient in group 11 with evidence of dila- 
tation of the ascending aorta on the postero- 
anterior chest roentgenogram had a grade 3 
systolic murmur at the base; the other patient 
with this x-ray finding had a grade 1 basal 
systolic murmur. The systolic murmur at the 
base in patients with hypertension is thought 
to be caused by turbulence near the aortic 
valve; Levine and Harvey” state that it is due 
to dynamic dilatation of the aorta. 

Basal Diastolic Murmur: Osler™ in 1920 first 
recognized an aortic diastolic murmur with 
hypertension and chronic nephritis. He believed 
that it was due to aortic insufficiency. In 
1944, Hamman" described the murmur of 
aortic insufficiency in the late stages of pro- 
longed hypertension. Aortic dilatation with 
actual atherosclerosis of the aortic valve was 
the most common pathologic feature in his 
study. He also reported that the peripheral 
vascular signs of aortic insufficiency were not 
present in his patients. Gager™ claimed that 
aortic insufficiency was noted more often when 
the pulse pressure was high. In our study, 
we did not find the peripheral vascular mani- 
festations of aortic insufficiency in any of the 
fifteen patients. Hamman mentioned that he 
found the murmur in patients with prolonged 
hypertension. We observed that some of our 
patients with a basal diastolic murmur had had 
hypertension for only two years. 

In 1956, Luisrda et al.'* described a technic of 
selective phonocardiography in which they used 
a variable band-pass filter and a twin-beam 
phonocardiograph. We modified this system by 
adding another amplifier (amplifying stetho- 
scope); thus, we found we were able to increase 
the sensitivity of our recording apparatus and 
to demonstrate a much clearer registration of 
vibrations of low amplitude in a selected 
frequency band. With this technic, we were 
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able to record the faint basal diastolic murmur 
in nine of the ten patients in whom it was heard. 
We believe that this murmur represents in- 
sufficiency of the aortic valve, since its point of 
maximal intensity occurs over the aortic valve 
and it immediately follows an accentuated 
second heart sound. This murmur had a 
medium to high frequency, and only by elimi- 
nating the low frequency vibrations and some of 
the medium frequency vibrations were we able 
to achieve a suitable recording of the murmur. 
The diastolic vibrations were demonstrated over 
a wide frequency range, but they were visualized 
most clearly when a frequency band of 150 to 
200 c.p.s. was selected. We were not able to 
record this murmur on the routine phonocar- 
diogram; nor were these vibrations present when 
a low frequency band was selected (20 to 80 
C.p.s.). 

Ten of the fifteen patients who had the basal 
diastolic murmur (group u1) had moderate to 
marked left heart enlargement on physical 
examination and chest roentgenogram. This 
degree of hypertrophy was also found in ten 
of the sixteen hypertensive patients without 
aortic insufficiency (group 11). Two of the 
patients in group 1 had x-ray evidence of 
dilatation of the ascending aorta. None of the 
patients without aortic insufficiency had this 
finding. The presence of the diastolic murmur 
did not seem to bear any relationship to the 
level of the systolic or diastolic blood pressure 
at the time of phonocardiography. These 
vibrations were not seen in some patients with 
an abnormally high pulse pressure. The arterial 
pressures in group 111 were similar to those in 
group 11, but were generally higher than those in 
group I. 

Q-7 Interval: The Q-1 interval was prolonged 
in the hypertensive patients as compared to the 
control group. The average duration of the 
Q-1. interval in our normal subjects was 0.05 
second; the mean in the hypertensive groups 
was 0.07 second. The longest Q-1 intervals 
were found in group 111; the mean in these 
patients was 0.08 second. Our findings are 
comparable to those of Leonard et al.” who 
reported a prolonged Q-1 interval in a study of 
hypertensive patients. The significance of a 
prolonged Q-1 interval in hypertension is open 
to some question, since a number of sources of 
error may be present. A wide QRS complex 
in lead 11 usually will be associated with a pro- 
longation of the Q-1 interval. Also, a Q-1 
interval may be 0.02 to 0.04 second longer 
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when it is measured nearer to the xiphoid area 
than the apex. The reason for this prolongation 
of the Q-1 interval in hypertension is unknown. 


SUMMARY 


Forty-three patients with hypertension were 
studied by an improved method of phono- 
cardiography. On graphic analysis, the first 
heart sound at the apex and aortic area was 
generally normal in amplitude and duration. 
The second heart sound at the aortic area was 
increased in amplitude and duration in almost 
all instances. It was usually composed of 
regular high frequency vibrations. Third and 
fourth heart sounds of low frequency and low 
amplitude were found quite often. A third 
heart sound was noted only in the presence of 
left ventricular hypertrophy. 

An apical presystolic murmur of low frequency 
and low amplitude was recorded in five patients. 
Aortic and apical systolic murmurs were noted 
often; these murmurs were usually low in 
intensity and of low to medium frequency. 

A basal diastolic murmur was recorded in 
nine of ten patients in whom the murmur was 
heard clinically. We believe that it suggests 
insufficiency of the aortic valve. The diastolic 
vibrations were low in amplitude and more 
readily detected when a frequency band of 150 
to 200 c.p.s. was selected. They immediately 
followed the second heart sound and were best 
visualized at the third left parasternal area. The 
presence of the murmur did not seem to be 
related to the level of the systolic, diastolic 
or pulse pressures at the time of the technical 
procedure. It was found only in patients with 
left ventricular hypertrophy. 

The Q-1 interval was prolonged, particularly 
in the group with aortic insufficiency. 
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Reviews 


Evaluation of Enzyme Tests in the 
Diagnosis of Heart Disease’ 


CLARENCE M. AGREss, M.D., F.A.C.c. and JoHN H. C. Kim, m.p. 


Los Angeles, California 


tests, which are undergoing extensive 
investigation, are becoming increasingly use- 
ful in the diagnosis of heart disease. Because of 
the growing literature on the subject since the 
first review,! a further evaluation has become 
necessary. 


EXPERIMENTAL ASPECTS 

The clinical problem of distinguishing myo- 
cardial infarction from coronary insufficiency 
by measuring enzyme changes is still not solved. 
Experimentally, however, the evidence re- 
mains clear-cut. 

Further experiments on dogs by Ruegsegger 
et al.? showed invariable elevation of serum 
glutamic oxalacetic transaminase (SGO-T), se- 
rum glutamic pyruvic transaminase (SGP-T) 
and serum lactic dehydrogenase (SLD) in de- 
creasing order, following experimental myo- 
cardial infarction. Reversible myocardial 
ischemia accompanied by electrocardiographic 
changes did not cause elevation. Therefore, 
the experience to date indicates that cellular 
death is necessary for enzyme release following 
obstruction to coronary flow. 

Foldi et al.* produced significant elevation of 
SGO.-T in dogs after experimental paracardial 
lymphatic obstruction, with accompanying 
histologic changes in the myocardium. No 
experience in man has yet been reported in 
which obstruction of paracardial lymphatics 
has confused the diagnosis of myocardial in- 
farction. 

Maling and Highman‘ induced prolonged 


states of ventricular hypersensitivity in dogs 
similar to that seen in myocardial ischemia by 
infusions of large amounts of catecholamines. 
The resulting myocardial irritability caused 
ventricular tachycardia, lasting for two to four 
days, which was associated with fatty changes in 
the myocardium and elevations of SGO-T, 
SGP-T and SLD. These elevations could be 
blocked by the administration of Dibenzyline.® 
Thus, experimental evidence is offered for the 
clinical observation that prolonged rapid tachy- 
cardia can cause enzyme elevations.?:* 


CORRELATION OF CLINICAL MYOCARDIAL 
INFARCTION WITH SGO-T 


Whether or not the serum glutamic oxalace- 
tic transaminase test is reliable can only be 
determined by a summation of the experiences 
of many observers. In the final analysis, 
summation will also determine clinical useful- 
ness and dependability of the test. While 
clinically ‘proved’? cases are not really proved 
unless death affords autopsy confirmation, 
the considered opinion of able clinicians, based 
on the entire clinical course of the patient, in 
conjunction with diagnostic supportive electro- 
cardiographic and other laboratory data, is 
highly significant. 

Therefore, although not infallible, such diag- 
noses have been accepted in this evaluation and 
are listed in Table 1. The only exceptions are 
the same as those in the first report,! in which the 
natural time curve of the rise and fall in SGO-T 
was not followed. It is still necessary to 
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TABLE I 


Clinical Correlation of Acute Myocardial Infarction 
with SGO-T 


No. of 
Proved 
Cases 


Elevated 
SGO-T 


* 


Hanson and Laursen! 
Dewar et al.*9 

Bruce et 

Keele et al.!° 

Paget et al.” 

Zapfe™ 

Bang et al.’5 
Sampson” 

Freeman et al.*4 

Lewis et al.?9 


FON WwW 
— 


++ 


Total 13 


* Of eighty-nine cases, two were deleted because tests 
were made one to two weeks after onset. 

t Actually, all three patients had borderline elevations 
but are counted as “‘normals.’’ 

t Two of twenty cases were omitted because tests were 
made four and six days after onset of pain. 


emphasize that enzyme sampling must be 
begun twelve to twenty-four hours after the 
onset of infarction and continued at daily 
intervals until the values have returned to nor- 
mal. Random sampling may not reflect the 
period of SGO-T elevation and will not elimi- 
nate technical errors. 

In the 437 most recently reported cases, 421 
of the subjects showed elevations of SGO-T, 
giving a correlation of 96.3 per cent. This 
compares favorably with the 1,255 previously 
reported cases' in which the correlation was 
96.9 per cent. Thus, in more than 96 per 
cent of 1,692 cases, SGO-T levels correlated 
with the clinical impression of myocardial 
infarction. This figure represents the combined 
opinion of thirty-six independent reports. 


Autopsy CORRELATION OF MYOCARDIAL 
INFARCTION wiTH SGO-T 


4Of those éases terminating in death, in 
which autopsy was obtained, SGO-T was 
elevated in fifty-seven of the sixty cases reported 


(Table 1). In two instances, SGO-T was 
“borderline.” In the one negative case, SGO-T 
was taken “at the time of infarct.” These 


figures are similar to the sixty-two positive 


correlations of the sixty-three cases previously. 


reported.! Therefore, in 123 patients, whose 


TABLE I 
Myocardial Infarction Proved at Autopsy 


Elevated 
SGO-T 


Normal 


Authors SGO-T 


Hanson and Laursen!4 21 
Linde and Wising™ 13 
McHardy and Statler™ 4 
Hanson and Biorck® 
Dewar et al.49 3 
Bruce et al.“ 4 
Keele et al.'° 5 


Total 
Previous report! 


Grand total 


* Reported as “‘borderline.”’ 
Tt One negative case, but infarct one week old. 
t Author stated, ‘“‘taken at time of infarct.”’ 


hearts at autopsy showed recent infarction, 
SGO-T was significantly elevated in 119, not 
to mention two patients with borderline values, 
and one in whom SGO-T was measured be- 
fore a rise could be expected. Thus, there is 
a correlation of approximately 97 per cent. 

Often, enzyme tests are not necessary for the 
diagnosis of myocardial infarction. Before 
they came into use, the diagnostic accuracy was 
estimated at 58° to 82’ per cent. Therefore, 
if the tests are to have lasting value, they must 
prove reliable when clinical and electrocardio- 
graphic data are insufficient. 

Some evidence is again supplied by the data 
on the seventeen autopsied subjects listed in 
Table m1. These were subjects in whom in- 
farction was proved by necropsy, but in whom 
clinical and electrocardiographic evidence for 
myocardial infarction was absent or inconclusive. 
Of the seventeen subjects, sixteen showed signifi- 
cant elevations, one was borderline and none 
was normal. With the two cases previously 
reported,' we now have eighteen of nineteen 
subjects in whom autopsy proved SGO-T studies 
to be reliable when clinical and electrocardio- 
graphic evidence failed to make the diagnosis. 

It can also be asked whether SGO-T has 
been shown to have superior diagnostic value 
when the clinical picture and the electrocardio- 
gram indicate infarction, but when the enzyme 
curve is flat or negative. In four autopsied 
subjects, reported on by Hanson and Biorck,® 
two were proved to have pericarditis, one had 
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TABLE III 
Infarction Proved at Autopsy in Seventeen Patients with 
Negative Clinical and/or Electrocardiographic Evidence 
of Myocardial Infarction 


pon Elevated | Borderline 
SGO-T SGO-T 
Hanson and Biorck® 3 0 
Chinsky et al.5 7 1 
Kessler and Phelps* 1 0 
Ostrow et al.!® 2 0 
Hanson and Laursen" 3* 0 
Total 16 1 


* One with only old infarction. 


persistent tachycardia and one had cerebral, 
pulmonary and renal, but not myocardial, 
infarctions. In the previous review,! two 
subjects with clinical and electrocardiographic 
evidence of infarction, but negative SGO-T 
values, showed no infarction at autopsy. 

Ratner and Sacks® also reported negative 
SGO-T rises in four subjects in whom the 
diagnosis of myocardial infarction was made 
clinically and by electrocardiography, but 
in only one subject was infarction proved at 
necropsy. Although each of these subjects 
had only single blood sampling, the blood was 
drawn from one to three days after clinical 
infarction. Thus, of the ten cases in which 
autopsy reports were available, SGO-T nega- 
tive evidence was reliable nine of ten times. 

On the other hand, in three cases reported 
by: Keele et aJ.,’° in which there was suspicion 
of myocardial infarction, suggestive electro- 
cardiographic changes, chest pain and eéle- 
vated SGO-T, necropsy showed the first patient 
to have cor pulmonale with no myocardial 
infarction; the second, mediastinal tumor with 
metastases to liver and myocardium; and the 
third, bronchitis with electrocardiographic 
evidence of right ventricular strain. Their 
peak SGO-T levels were 80, 100 and 60 units, 
respectively. Therefore, an elevation of SGO- 
T with a clinical and even an electrocardio- 
graphic picture of myocardial infarction may be 
confused with such conditions as pericarditis, 
severe tachycardia and acute cor pulmonale. 


DisEASE STATES CONFUSING DIAGNOSIS OF 
MyYocaARDIAL INFARCTION 


In making a firm diagnosis of acute myo- 
cardial infarction, there are several confusing 
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disease states that must be eliminated. Nearly 
all of these can cause chest pain, fever, leuko- 
cytosis, increase of the sedimentation rate, al- 
teration of the electrocardiogram and eleva- 
tion of serum enzymes. 

Pericarditis: In the last two years, only seven 
additional cases of pericarditis correlated with 
SGO-T changes have been reported. In 
three cases of non-specific pericarditis,"*§ SGO-T 
was elevated in two, with peak levels to 116 
to 165 units. Keele et al.’ reported one case in 
which the peak level was 124 units, and one 
autopsy case of hemorrhagic pericarditis in 
which elevation was present. 

Including those previously reviewed,! there 
are now forty-eight reported cases of acute 
pericarditis; SGO-T elevations were found in 
eight. In the cases previously reviewed, the 
highest peak values were 75 and 165 units. 
From animal experiments,” it was found that 
SGO-T elevation occurred only when the 
pericarditis was severe enough to cause sub- 
epicardial myocardial infarction. So far, there 
are no human cases in which similar autopsy 
studies have been made, but it is to be expected 
that in such cases subepicardial infarction 
will be present. 

It can still be stated that a negative SGO-T 
curve is strong evidence against infarction when 
pericarditis confuses the picture. If severe 
pericarditis does elevate SGO-T, the peak 
values are usually low; nevertheless, enzyme 
tests cannot make the differential diagnosis in 
such instances which, fortunately, are rare. 

Pulmonary Infarction: As has been pointed 
out,!% pulmonary infarction with elevated 
SGO-T curves can usually be distinguished 
from myocardial infarction because the SGO-T 
rises are late (third or fourth day). The pul- 
monary infarcts are usually large enough to be 
seen on the roentgenogram (because lung tissue 
is poor in SGO-T) and a rise in serum bilirubin 
usually parallels the rise in SGO-T. In forty- 
nine cases previously reviewed,'.SGO-T was 
elevated in twelve, the highest peak value being 
85 units. Since then, Hanson,'* Bang,!® Keele,’® 
Goldstein'® and their co-workers have added 
eleven more cases, with elevations in four. In 
a case reported by Keele,!° the peak elevation 
was 140 units. Thus, of sixty .cases,, sixteen 
subjects showed SGO-T elevations. 

Dissecting Aneurysm of the Thoracic, Aorta: 
Tredway and Kemble’ reported three cases of 
dissecting aneurysm of the thoracic aorta with 
SGO-T determinations. Two,- of the three 
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TABLE IV 


Serum Lactic Dehydrogenase Levels in Clinically Proved 
Myocardia! Infarction 


No. of 


Elevated 


Authors 


Hanson and 

Biorck® 
Wroblewski 

et al.55 
Wacker et al.*6 
Bang et al.'® 
Freeman et al.?4 
Wilson et 
Lewis et al.?° 
Snodgrass et al.*® 


Total 243 (86%) 39 (14%) 


subjects had elevations of SGO-T activity and 
associated pericardial tamponade. Various ex- 
planations for the rise in SGO-T to peaks of 
115 and 135, respectively, were offered: hemoly- 
sis of dissecting blood, absorption of blood from 
the pericardial sac and damage to heart muscle. 
No final conclusion was reached, except that 
dissecting aneurysm could elevate SGO-T in 
the absence of myocardial infarction. White'® 
reported elevation of lactic acid dehydrogenase 
(LDH) in a ruptured aortic aneurysm. 

Congestive Heart Fa:lure: In previous studies,' 
normal levels of SGO-T have been found in 
congestive failure in the absence of myocardial 
infarction or liver disease. Shields and Shan- 
non,” however, have described three patients 
with acute congestive failure and _ severe 
hepatic congestion in whom peak values of 
SGO-T were found to range from 700 to 3,000 
units, averaging 1,510 units. Only one patient 
was in shock. At autopsy central lobular liver 
cell necrosis was found in two of them. In 
nine patients with shock and congestive failure 
complicating myocardial infarction, SGO-T 
ranged from 430 to 2,050; six of these patients 
died. Further work is needed to determine 
whether or not severe congestive failure alone 
can occasionally elevate SGO-T. 

Pancreatitis: Foulk and Fleisher”! reported 
increased SGO-T activity in twenty-two of 
thirty-two patients with acute pancreatitis. 
Correlation of the values for serum amylase or 
lipase, or both, with transaminase activity, was 
not demonstrated; nor was there any correla- 
tion with the pancreatic damage shown sur- 
gically or at necropsy. 


No recent work has added much to the 
previous studies in this field.! Since both 
pancreatitis and myocardial infarction can cause 
substernal and epigastric pain, enzyme eleva- 
tions and electrocardiographic changes,” dif- 
ferential diagnosis may, at times, prove 
difficult. In these instances, elevation of amy- 
lase in the blood and urine is invaluable evi- 
dence of pancreatitis, since myocardial infarc- 
tion does not elevate amylase. However, the 
administration of opiates (codeine, morphine 
and meperidine) will elevate amylase,” just 
as it elevates SGO-T when given for relief of 
pain in acute cholecystitis! It should be 


remembered, therefore, that serum and urine 
s4mples must be obtained before the adminis- 


tration of opiates. 


Use or OTHER ENzyYME TEsTs 


Much interest has been shown in determining 
the comparative usefulness of various other 
enzymes found in heart muscle. 


LACTIC ACID DEHYDROGENASE 


Several authors have considered SLD equal 
or superior to SGO-T in the diagnosis of myo- 
cardial infarction.“'* In a recent report by 
Snodgrass et al.,2*> a rise in LDH occurred in 
all twenty-eight cases of myocardial infarction 
proved at autopsy; whereas there was no 
elevation when the autopsy evidence showed no 
infarction, even though a positive diagnosis had 
been made on clinical grounds. LDH was 
reported elevated between the second and 
tenth day after onset in sixty-six electrocardio- 
graphically proved cases. Furthermore, the 
authors claim that if LDH remains negative in 
suspected infarction, “‘the diagnosis can be ruled 
out with certainty.” 

Other authors, however, do not agree with 
these findings. The available reports corre- 
lating SLD values with clinically proved 
cases of myocardial infarction are listed in 
Table rv. Of 282 cases, 243 subjects exhibited 
positive elevations and thirty-nine exhibited no 
elevations: a correlation of 86 per cent. Han- 
son and Biorck® found eleven elevations in 
eleven cases of infarction proved by necropsy. 
They stated, however, that SLD appeared 
“to be less specific than SGO-T and more 
likely to render false positives.’’ Nearly all 
authors agree that SLD is a good enzyme test 
of myocardial infarction, particularly since 
elevated activity following infarction may some- 
times last as long as two weeks. It is thus most 
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valuable when used several days following the 
onset of infarction, after the peak of SGO-T 
has passed. 

SLD has several disadvantages when com- 
pared to SGO-T. The normal values are 
variable depending upon the method used.” 
Van Rymenant and Tagnon?’ place the normal 
range from 200 to 600 units per ml. of serum, 
depending upon the reaction: lactic acid + 
DPN @ pyruvic acid + DPNH. Ifthe amount 
of reduced diphosphopyridine nucleotide formed 
is measured, normal values fall below 270 uM 
per 100 ml. of serum. SLD is less sensitive 
than SGO-T, since its activity in heart muscle 
is 3,000 times greater than serum, as compared 
to SGO-T, the activity of which is 5,000 to 
10,000 times greater in heart muscle than in 
serum. 

Wieme,”* utilizing the electrophoretic technic, 
found that LDH moved in the electrical fields 
at different rates according to the type of tissue 
involved. He found four fractions of different 
electrophoretic mobilities and, in serums of 
patients with myocardial infarction, the rapid 
fractions were clearly augmented; while in 
serums of patients with hepatic disease, the 
slow fractions were predomizant. Finally, SLD 
is less specific than SGO-T. Lewis et al.”® 
found SLD elevated in twenty of twenty patients 
with proved myocardial infarction. But, three 
of nine who were diagnosed as having coronary 
insufficiency and two of six as having angina 
had significant elevations. Elevated serum 
levels are found in 25 to 50 per cent of patients 
with malignant tumors, with dissemination 
particularly to the liver and heart.*® LDH 
is elevated in acute leukemias and in chronic 
myelogenous leukemia, malignant lymphoma, 
sickle cell anemia and pernicious anemia, as 
well as in sprue, hepatitis, diabetic acidosis, 
shock states*! and renal diseases. West and 
Zimmerman® have reported elevations of SLD 
in forty-three of seventy-one patients with 
renal disease; whereas SGO-T was elevated 
in only six of sixty-three patients with renal 
disease, four of whom had coincidental hepatic 
disease. This relative lack of specificity appears 
to be an important disadvantage. 


SERUM ALDOLASE 


Another important enzyme released from 
injured cells is aldolase, a glycolytic enzyme. 


Volk et al.** demonstrated increased levels of 


serum aldolase in dogs after acute myocardial 
infarction. Chazov and Savina* found aldolase 
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increased in dogs with experimental infarction, 
with activities increased to four or five times that 
of the control animals. The concentration of the 
enzyme begins to increase five to six hours after 
ligature of the coronary artery, and reaches its 
maximum within the first two days. By the 
fifteenth day, the aldolase activity returns to 
normal. 

Petersen*® determined the aldolase activity 
in serum from fifty healthy human subjects 
and 144 patients hospitalized with suspected 
myocardial infarction. He found the normal 
range of serum aldolase activity to be from 3 to 
10 units. Sixty-one of the latter group had 
definite electrocardiographic evidence of in- 
farction and all showed aldolase elevations. 
In fifty-six miscellaneous conditions without 
evidence of infarction, there was no rise in al- 
dolase. In five cases of infarction, five to tendays 
old, all five patients showed slight elevations. 
In the remaining twenty-two patients with 
electrocardiographic patterns of infarction but 
with elevated aldolase values, however, no 
diagnosis was established except in two patients 
in whom autopsy showed recent infarcts. Al- 
dolase was also slightly elevated in three patients 
with pericarditis, in eleven of twelve patients 
with pulmonary infarction and in one patient 
with cholecystitis after administration of opiates. 

Hanson and Biorck® also found aldolase values 
to parallel those of SGO-T after myocardial 
infarction. The aldolase test, however, lacks 
the intensive investigation that is behind SGO-T. 
Moreover, exercise has been found to alter its 
level in the rat** and, since the red cell is very 
rich in aldolase, slight hemolysis produces a 
large error.*?: *8 


OTHER SERUM TESTS 


Serum Glutamic Pyruvic Transaminase (SGP-T) : 
Lewis et al.?® found SGP-T elevated in seven of 
eighteen patients with electrocardiographic 
evidence of infarction. Furthermore, eleva- 
tions were found in some patients with coronary 
insufficiency and angina. It is generally agreed 
that SGP-T is much more valuable in the diag- 
nosis of liver disease, when it usually exceeds 
SGO.-T elevations. 

C-Reactive Protein: Kroop and Shackman*® 
found C-reactive protein (CRP) to be more 
sensitive than SGO-T. Since it caused eleva- 
tions in too many other conditions, how- 
ever, it was judged to be unsatisfactory for 
specific use in the diagnosis of myocardial in- 
farction. CRP, like the sedimentation rate and 
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TABLE V 
Surgery and SGO-T 


No. of No. Peak Da 
Authors Cases Elevations (units) Elevated Remarks 
Lawrence and Shulkins® 12 5 40 
Lawrence and Shulkins®® 6 1 49 Cholecystectomy 
Craver et al.” 20 200 2 Peak 4 hours post- 
operation 
Craver et al. 13 70 2 
Weisberg and Sampson* 13° 1 144 2 Liver damage 
Weisberg and Sampson** 4f 2 78-90 8 Pneumonectomy: 78 
(infarct) units 
Infarct: 90 units 

Weisberg and Sampson“ 4f 0 0 

* Laparotomy. 

t Major surgery. 

Minor surgery. 

blood fibrinogen, is also increased by congestive coagulant. With the administration of Dicu- 


failure, neoplastic, collagen and inflammatory 
diseases. 

' C-reactive protein level was determined by 
Carbajal et al.*° in thirty-eight persons with 
coronary artery disease. Nineteen had oc- 
clusion with myocardial necrosis, sixteen had 
coronary insufficiency without necrosis and 
three had infarction and cicatrization. The 
test result for CRP was positive only in the 
group with myocardial infarction. If this 
observation is substantiated, the differential 
diagnosis of myocardial infarction from coronary 
insufficiency may be facilitated by a negative 
CRP reaction. 


EFFECT OF ANTICOAGULANTS ON SGO-T 
AND SGP-T 


Wroblewski and Manso“ have observed that 
administration of certain anticoagulants, in- 
cluding bishydroxycoumarin (Dicumarol®) and 
ethyl biscoumacetate (Tromexan®), may be 
associated with increased SGO-T and SGP-T 
activity. This effect was seen in two patients 
with liver disorders. One had _ congestive 
hepatomegaly and the other, Laennec’s cir- 
rhosis. Both patients also had incurred myo- 
cardial infarction. After the administration of 
single doses of 200 mg. Dicumarol, rises in the 
two enzyme activities were noted. In the first 
case the SGP-T and SGO-T activities rose to 
peak values of 60 and 52 units, respectively, 
and then returned to the normal range within 
several days; in the second case, the SGO-T 
and SGP-T increased to levels greater than 
SGP-T prior to the administration of the anti- 


marol, both the SGO-T and SGP-T activities 
rose, the latter to greater activity than the 
former. Increased SGO-T and SGP-T ac- 
tivity also increased in a patient given Dicu- 
marol for thrombophlebitis during the incuba- 
tion period of homologous serum hepatitis. 
Since no other reports of this kind have ap- 
peared, further work is greatly needed. 


SuRGERY AND SGO-T 


The diagnosis of myocardial infarction com- 
plicating surgery, when the history is obscured 
by anesthesia or pain after surgery and when 
the electrocardiographic findings are incon- 
clusive, is often difficult. It is known that 
damage to skeletal and heart muscle can elevate 
SGO-T. Table v lists the cases so far studied 
after surgery. 

The peak values and time curve of SGO-T 
elevation after surgery often differ sufficiently 
from those of myocardial infarction to allow 
separation. Peak values from surgery -alone 
rarely approach those seen in myocardial 
infarction, often are not elevated at all and, in 
most cases, reach peaks in four hours post- 
operatively, a time when postinfarction patients 
show little or no elevation. Even when oc- 
casional high values are reached, the return 
to normal levels is rapid; usually one or two 
days, as compared to five to seven days for most 
instances of myocardial infarction.” These 
distinctions make differential diagnosis much 
easier than previously believed.“ LaDue,“ 
however, has found massive surgery to cause 
significant and prolonged elevations. 
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After intracardiac surgery, Snyder et al.* 
have found an increase in the SGO-T activity, 
and suggest that the development of hepatic 
changes during perfusion was the major 
source of increased SGO-T values. 


PROGNOSIS 


Since the original work with animals, indi- 
cating that the rise of SGO-T was roughly 
proportional to the size of the infarct,** it has 
been hoped that the peak level of SGO-T 
would offer a solid basis for prognosis. We 
have shown previously that a value over 300 
units has indicated a much poorer prognosis. 
LaDue“’ has reported a poor outlook in patients 
with SGO-T levels greater than 350. Samp- 
son*® reported poor results in patients having 
levels of about 200, although some patients 
with higher values survived. Bruce et al.* 
found, in four of seven fatal cases, that the 
levels were greater than 350. 

Hanson and Laursen" found a direct correla- 
tion, with the mortality rising to 50 per cent 
in those having high levels. Keele et al.’° found 
that eight of nine patients with values greater 
than 350 died, whereas only three of fifty-seven 
with values below 100 units died. Shields and 
Shannon”’ observed only one death in nine 
patients having average SGO-T levels of 482 
(range: 400 to 675), but six deaths in nine 
cases in which SGO-T levels averaged 886 
(range: 430 to2,052). Two patients with values 
of 3,000 and 830 died. All nine patients had 
severe congestive heart failure with hepatic 
central lobular necrosis. Only Dewar et al.*® 
found nocorrelation. On the other hand, death 
has occurred with minimal infarction and low 
SGO.-T rises. 

Thus, there is no absolute relation between 
the SGO-T level and the prognosis, but the 
weight of evidence shows a significant correla- 
tion. The greater the injury, the higher the 
SGO.-T and the worse the prognosis. Generally, 
in patients with peak elevations of less than 
100 units, the prognosis is good; whereas in 
patients with a peak value greater than 350 
units produced by myocardial infarction alone 
and not by some associated disorder, such as 
liver disease, the prognosis is poor. These 
levels, while arbitrary, are still of great aid to 
the physician in forming an optimistic or 
guarded outlook. 


SUMMARY 
1. The recent literature on enzyme tests is 
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reviewed and compared with the results of a 
previous evaluation. 


2. It is found that, experimentally, SGO-T 
is elevated only when actual myocardial in- 
farction has occurred. 


3. Ina correlation of SGO-T elevation with 
1,692 clinically proved cases of myocardial 
infarction, the agreement was 96 per cent. 


4. In a correlation of SGO-T elevation with 
123 cases of myocardial infarction, proved at 
necropsy, the agreement was 97 per cent. 


5. In eighteen of nineteen cases proved at 
necropsy, in which clinical and electrocardio- 
graphic evidence for myocardial infarction was 
indecisive, SGO-T diagnosis (elevation) was 
reliable. 

6. In the ten autopsy cases so far available, 
in which SGO-T was not elevated in the face 
of clinical and electrocardiographic evidence 
of myocardial infarction, SGO-T diagnosis 
agreed with autopsy diagnosis in nine. 

7. The association of a clinical and electro- 
cardiographic picture of myocardial infarction 
with SGO-T elevation may be simulated by 
severe pericarditis (eight of forty-eight cases), 
severe pulmonary infarction (sixteen of sixty 
cases), dissecting aneurysm (two of three cases), 
acute pancreatitis, acute cholecystitis after 
administration of opiates, severe prolonged 
tachycardia and, possibly, acute cor pulmonale. 


8. Elevations of SGO-T, accompanying 
surgical procedures, may be distinguished from 
those occurring with complicating myocardial 
infarction by the early peak (four hours) and 
the quick return to normal (one to two days) in 
the uncomplicated cases. 

9. SGO-T has proved valuable in prognosis, 
since peak values below 100 units have been 
associated, in general, with a low mortality, 
while values over 350 units have been associated 
with a high mortality. 

10. Other enzyme tests, particularly SLD 
and aldolase, are useful in the diagnosis of 
myocardial infarction; but their accuracy, 
sensitivity and specificity have not been found 
equal to SGO-T. Therefore, the SGO-T 
determination still remains the most valuable 
enzyme test for the diagnosis of myocardial 
infarction. 
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Coarctation of the Abdominal Aorta 


Review of Twenty-Seven Cases* 


KaALEvi PyoRALA, M.D., OLLI HEINONEN, M.D., PENTTI KosKELO, M.D., and Per-Erik HEIKEL, M.D. 


Helsinki, Finland 


in the aortic isthmus, distal or proximal to 
the ligamentum arteriosum or ductus arterio- 
sus. In a small number of cases the aortic 
arch, the lower thoracic aorta or the abdominal 
aorta is involved. The diagnosis of atypically 
located coarctations is important when surgical 
treatment of coarctation is considered. This 
concerns cases of coarctation of the abdominal 
aorta in particular, because the patient may be 
subjected to unnecessary thoracotomy if the 
abdominal localization of coarctation remains 
unnoticed. 

Clinical features of coarctation of the abdom- 
inal aorta may sometimes be confusing. 
However, the diagnosis is not difficult if some 
special features indicating the abdominal lo- 
calization of coarctation are kept in mind. 
From the surgical point of view, coarctation of 
the abdominal aorta presents special difficulties. 
Recent progress in vascular surgery has, how- 
ever, made surgical treatment possible in selected 
cases. 

A report is presented of a case of coarctation 
of the abdominal aorta. Essential features of 
twenty-six cases recorded in the literature are 
briefly summarized. 


of the aorta is usually located 


CasE REPORT 


A twenty year old unmarried woman was admitted 
to the Hospital of the Wihuri Research Institute on 
January 2, 1958, because of unexplained hyper- 
tension. The only subjective complaints of the 
patient were fatigue, numbness, and cramp-like 
pains in the hips and legs related to walking. These 
symptoms had been present for five years. 

The blood pressure had been measured for the 
first time in February 1957 and was 150/100 mm. 
Hg at that time. In July 1957 blood pressure was 
230/130 mm. Hg and the patient was hospitalized. 
Rauwolfia alkaloids and ganglionic blocking agents 


were administered, but the blood pressure remained 
high (210-240/105-130 mm. Hg). 

Physical examination on admission revealed a well 
developed woman. The apex beat of the heart was 
felt in the usual location and was of normal quality. 
A short, low-pitched grade 2 systolic murmur was 
best heard at the second left interspace. A strong 
pulsation of the abdominal aorta was felt in the 
epigastrium, but it disappeared below the level of the 
umbilicus. The pulsation of both femoral arteries 
was very faint, whereas the peripheral arterial 
pulsations were distinctly felt in both lower ex- 
tremities. No arterial pulsations could be palpated 
in the intercostal spaces or on the abdomen. A 
continuous murmur, consisting of a grade 3 systolic 
ejection murmur which continued as a fainter 
decrescendo diastolic murmur, could he heard in the 
left region of the epigastrium. The systolic part of 
the murmur was transmitted to the femoral arteries 
and was also heard in the back from the level of the 
first lumbar vertebra to the sacrum. No murmurs 
could be heard over the lower intercostal spaces. 
The blood pressure in both arms was 240/140 mm. 
Hg and the systolic blood pressure in both legs was 
160 mm. Hg. The diastolic blood pressure could not 
be measured. On ophthalmoscopic examination 
the retinal arteries and the fundi appeared normal. 

Laboratory findings included a normal blood 
count, sedimentation rate and urinalysis. Blood 
nonprotein nitrogen content was 25 mg. per 100 cc. 
and the creatinine content was 9.81 mg. per 100 cc. 
Endogeneous creatinine clearance was 105 cc. per 
minute per 1.73 M? of body surface area. 

Graphic Tracings: The electrocardiogram was 
suggestive of left atrial and left ventricular hyper- 
trophy. Phonocardiograms from the left epigastrium 
were recorded simultaneously with indirect tracings 
of carotid and femoral pulses (Fig. 1) and were 
compared with apical phonocardiograms. Recording 
of the femoral pulse was difficult even with a sensitive 
infratone pulse microphone. The onset of the femoral 
pulse occurred 0.10 second after the onset of the 
carotid pulse and the peak of the femoral pulse 0.12 
second after the peak of the carotid pulse. Phono- 


* From the Hospital of the Wihuri Research Institute, Helsinki, Finland. 
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Fic. 1. Phonocardiogram from the left epigastrium (200 
c.p.s., gain with electrocardiographic lead 
11 and indirect carotid and femoral tracings, reveals a 
continuous murmur consisting of a diamond-shaped 
systolic murmur which continues as a faint decrescendo 
diastolic murmur. 


cardiograms from the left epigastrium revealed a 
diamond-shaped murmur which began 0.14 second 
after the first heart sound, between the upstrokes 
of the carotid and femoral pulses, and diminished 
in amplitude 0.7 second after the aortic component 
of the second sound. The murmur then continued as a 
decrescendo murmur of small amplitude. 
Roentgenographic examination of the chest revealed no 
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definite cardiac enlargement (total heart volume 
680 cc. = 430 cc. per M? of body surface area). 
The left atrium seemed to be slightly enlarged, but 
otherwise the shape of the heart was normal. There 
was no notching of the ribs. 

Pharmacologic Tests: Rapid intravenous injection 
of 400 mg. of tetraethylammonium chloride with the 
patient supine produced a decrease in blood pressure 
from 230/130 to 150/100 mm. Hg during three 
minutes; in ten minutes the blood pressure rose 
again to 200/130 mm. Hg. Intravenous injection of 
5 mg. of pentholamine methansulphonate caused 
during three minutes a decrease in blood pressure 
from 230/110 to 195/100 mm. Hg; in ten minutes 
the blood pressure rose to 215/115 mm. Hg. 

Excretory urograms showed that the right kidney 
was somewhat smaller than the left. Excretion of the 
left kidney was normal; that of the right kidney was 
slightly delayed. Both ureters and the bladder 
were catheterized and simultaneous urine samples 
were collected from both kidneys according to the 
technic described by Howard et al! The urine 
minute volumes excreted by each kidney were almost 
identical and there was no significant difference in 
the sodium and creatinine content of the urine from 
either kidney. 

Aortography was performed by injecting the contrast 
substance through a catheter introduced from the 
right femoral artery into the upper abdominal aorta 
(Fig. 2). Serial films showed that the aorta was of 


Fic. 2. A, retrograde abdominal aortogram with catheter introduced through the right femoral artery. B, schematic 


reproduction of the essential findings revealed by aortography. 
iliac artery, LI = lower intercostal arteries, R = renal arteries. 


CI = common iliac artery, DCI = deep circumflex 
The aorta becomes narrow between the first and 


second lumbar vertebrae and then remains hypoplastic down to the bifurcation. The common iliac arteries are hypo- 


plastic. 
arteries. 
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TABLE 
Essential Features of Twenty-Seven Cases of Coarctation 


| Blood Pressure 
| Age (mm. Hg) 
Author | (yr) Symptoms Murmurs over the 
and Abdomen and Back 
Sex Upper Lower 
Limbs Limbs 

Quain,? 1847 50,M | Epigastric pains on exer- 
tion, (1 yr.) 

Power,** 1861 17,M_ | Palpitations; epileptiform 
attacks; “‘fever’’ 

Maycock,*® 1937 18, F Palpitations, dyspnea, pre- | 200/89 130/110 Systolic, in the left epigas- 
cordial pains (5 yr); trium, posteriorly between 
headache; pains in the the left scapula and 3rd 
back (2 yr.); claudica- lumbar vertebra 
tion (8 mo.) 

Steele,?7 1941 46, F Headache; vertigo (17 210—260/ 100-120/ 
yr.); signs of cardiac 120-180 96-100 
failure (2 yr.) 

Bahnson, et al.,” | 35, F Claudication (6 yr.); head- | 195-260/ | Not Systolic, in the left epigas- 

1949 ache; vertigo; dyspnea; 100/130 measur- trium, posteriorly over 
: edema of the legs (1 yr.); able 10th dorsal vertebra 
attacks of precordial pains 

Kondo et al.,'® 12, F Lassitude; weakness (3 yr.) | Left: 40; | Not Systolic, from the xiphoid 

1950 Right: measur- process to the pubis, pos- 
Not meas- able teriorly in the upper lum- 
urable bar region 

Goldzieher et al.*° 45, F Attacks of nausea; vomit- | 115-60/ Right: 

1951 ing; pressure in the neck ; 80-100 not meas- 
temporary unconscious- During urable 
| ness (6 yr.) the at- Left: 
tacks: 300/180 
up to 230 (?) 
Fisher and Cor- | 14,M | Attacks oflancinating pains | 238/160 256/100 
coran,!® 1952 in the flanks (1 yr.); - 
headache; disturbance 
of vision (1 mo.) 
Glenn et al.," 19, F Palpitations, precordial 170—235/ 150/ Systolic, in the epigastrium, 
1952 pains; dyspnea (9 yr.); 120 115-120 posteriorly over the lower 
epistaxis; headache; dorsal and the upper 
claudication lumbar vertebrae 
Albanese and 12, F 240/160 Systolic, in the left epigas- 
Lazzarini,” trium, posteriorly over 1st 
1953 lumbar vertebra 
Paramonova,** 35,M_ | Claudication; precordial 220/120 140/90 Systolic, in the left epigas- 
1955 oppression ; headache (6 trium, posteriorly over 
yr.) 12th dorsal vertebra 
Immon and Pol- 32, F Claudication (6 yr.); head- | .210—220/ 100/— Systolic, at the periumbilical 
lock,'? 1956 ache 110-140 region, posteriorly over 
dorsal vertebra 

Martin and 32,M_ | Palpitations; headache 190/105 130/95 Systolic, in the mid-epigas- 

Yount,** 1956 (several years) trium, posteriorly from 
12th dorsal vertebra to the 
sacrum 

Miettinen et al.,2° | 34, F Claudication (from child- | 280/130 165/135 Systolic murmur and thrill 

1956 hood); headache; ver- at the umbilical region, 
tigo (some months) posteriorly over 2nd lum- 
bar vertebra 
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Aortic 
Pulsation 
in the 
Epigastrium 


Palpable 
Collaterals 


Notching 
of the Ribs 


Anatomy and Localization 
of the Coarctation* 


Present 


Present 


Present 


Present 


Present 


Internal mammary arteries, 
epigastric arteries 

Right internal mammary 
artery, intercostal arteries 
at the inferior angle of 
both scapulae 


Lower intercostal arteries 


Not present 


7th to 12th intercostal ar- 
teries 


Not present 


Lower intercostal arteries, 
epigastric arteries 


Not present 


Slight irregularity of 
the lower border of 
the ribs 


Present 


Not present 


Not present 


Not present 


10th ribs 


7th to 8th left ribs 


Not present 


Coarctation, '/2 inch in length, immediately 
below the renal arteries (A) 

Aorta remarkably narrowed immediateiy after 
the visceral arteries. Iliac arteries hypo- 
plastic (A) 

Coarctation, 3 cm. in length and 8 mm. in di- 
ameter, 1!/2 cm. below the renal arteries; 
lumen occluded by a thrombus; distal 
aorta hypoplastic (A) 


Coarctation, minimum diameter of 2 mm., 
above and at the site of the renal arteries 
(A) 

Aorta hypoplastic below 1st lumbar vertebra; 
left renal artery hypoplastic (Ac, O) 


Valve-like coarctation between the celiac axis 
and renal arteries; distal aorta and both 
subclavian arteries hypoplastic (A) 


Aorta hypoplastic from the site of the renal 
arteries (O) 


Coarctation, 2.5 cm. in diameter, at the level 
of the renal arteries; both renal arteries 
stenosed (Ao, A) 


Coarctation, 10.5 cm. in length and 0.5 cm. 
in inner diameter, from 10th dorsal vertebra 
to 1st lumbar vertebra partly involving the 
celiac axis; Berry aneurysm of the right 
renal artery (Ao, O) 

Extreme coarctation, 5 to 6 cm. in length, 
from the celiac axis to the renal arteries; 
distal aorta and renal arteries hypoplastic 
(Ao, O) 

Aorta hypoplastic, 12 mm. in diameter, below 
the celiac axis (O) 


Coarctation, 2 cm. in outer circumference, 
immediately below the renal arteries; distal 
aorta hypoplastic; thrombus in the coarc- 
tation (A) 

Short coarctation at the site of the celiac 
axis (Ao) 


Aorta hypoplastic, “‘diameter that of a pencil,” 
below the diaphragm (O) 


* A = Autopsy. Ac = Angiocardiography. Ao = Aortography. 
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654 Pyordala et al. 
TABLE I 
Essential Features of Twenty-Seven Cases of Coarctation 
Blood Pressure 
; urmurs over the 
Sex Upper Lower 
Limbs Limbs 
Ritchie and 47,M _ | Claudication(5 yr.) 140/109 Not 
Douglas,'® 1956 measur- 
able 
Brust and Ferris,”! 14,M | None 180—240/ Equal to Systolic murmur and thrill 
1957 140-180 the over the abdomen and 
upper back 
limbs 
24, F Headache (3 mo.) 230-280 / Equal to Systolic murmur and thrill 
140-170 the over the abdomen and 
upper back 
limbs 
Bunnag,*! 1957 22, F Claudication (several years)} 140-144/ | Not Systolic murmur and thrill 
70-80 measur- over the umbilical region 
able 
Schwartz et al.," | 22,M | None 180-190/ Not Systolic, in the midepigas- 
1957 100-110 measur- trium, posteriorly over the 
able upper lumbar spine 
D’Abreu, et al.,? | 58, F Claudication (16 yr.) 150/80 80/40 Systolic over the abdomen, 
1958 posteriorly in the upper 
lumbar region 
40,M | Headache; dyspnea; clau- | 250/150 Not Systolic, in the epigastrium, 
dication (5 yr.) measur- posteriorly over the lower 
able thoracic vertebrae 
Gerbasi, et al.,® 11, F None 170-190/ Not Continuous, in the left epi- 
1958 120-160 measur- gastrium, posteriorly over 
able- 10th dorsal vertebra 
Loogen and Wet- | 30,M | Headache; vertigo (7 yr.); | 220-225/ Not 
zels, 1958 coldness of the lower 140-155 measur- 
limbs able 
Mann and 51,M_ | Congestive heart failure (3 | 180/210/ 
Gunter,!? 1958 yr.) 100/160 
Milloy and Fell,"* | 18,M | Claudication (since child- | 180-210/ 110/80 Systolic, at the xiphoid angle 
1959 hood); chest pain; 120-130 
headache (3 yr.) 
Shapiro,!* 1959 10,M | Palpitations; coldness of | 200—-205/ Not Systolic, at the xiphoid angle 
the lower limbs 130 measur- and over the back 
able 
Present authors 20, F Claudication (5 yr.) 210-240/ 145-160/ | Continuous, in the left epi- 
120-140 gastrium, posteriorly over 
12th dorsal vertebra 


normal size at the level of the twelth thoracic vertebra 


(inner diameter 20 mm.). 


Between the first and 


second lumbar vertebrae it became narrow (inner 
diameter 9 mm.) and remained so to the site of the 
bifurcation which was located at the level of the fifth 


lumbar vertebra. 


The common iliac arteries were 


hypoplastic. Both renal arteries seemed normal and 
had their origin at the level of the first lumbar ver- 


tebra. 


The parenchyma of both kidneys had an 


intensive loading of the contrast medium in later 
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Aortic 
Pulsation 
in the 
Epigastrium 


Palpable 
Collaterals 


Notching 
of the Ribs 


Anatomy and Localization 
of the Coarctation* 


Not 
present 


Not 
present 


Not 
present 


Present 


Lower intercostal, subcostal 
and lumbar arteries, su- 
perior and inferior epigas- 
tric arteries 

Not present 


Lower intercostal arteries 


10th to 11th intercostal ar- 
teries 


In the lower thorax and ab- 
domen 


Not present 


Not present 


Not present 


7th to 10th right ribs; 
8th left rib 


9th to 10th ribs 


Not present 


9th to 10th ribs 


Probably in the 7th to 
8th ribs 


Lower ribs 


Minimal in the 10th to 
12th ribs 


Not present 


Aorta hypoplastic, 5 mm. in outer diameter, 
below 2nd lumbar vertebra 


Short coarctation at the level of the renal ar- 
teries; both renal arteries stenosed (Ao, A) 


Short coarctation at the level of the renal ar- 
teries; both renal arteries stenosed (Ao, A) 


Coarctation, 4 cm. in length, at the level of 
3rd and 4th lumbar vertebra (Ao) 


Aorta hypoplastic, 1/4 inch in diameter, below 
the diaphragm (Ao, O) 


Coarctation, 2.5 cm. in length and 0.7 cm. in 
outer diameter, immediately below the re- 
nal arteries (Ao, O) 

Coarctation, 20 cm. in length, 0.8 cm. in outer 
diameter, from the level of 8th dorsal verte- 
bra to 1 cm. below the renal arteries; celiac 
artery, superior mesenteric artery and renal 
arteries hypoplastic (O) 

Aortic wall firm from 2 cm. below the dia- 
phragm; outer diameter slightly narrowed ; 
aortography demonstrated a remarkable in- 
traluminal narrowing (Ao, O) 

Coarctation, 7 cm. in length, from the level of 
the diaphragm; celiac axis involved (Ao, 
A) 

Aorta hypoplastic, 1 cm. in diameter below 
the renal arteries and occluded by a throm- 
bus; iliac arteries and the left carotid ar- 
tery hypoplastic (A) 

Coarctation, 7 cm. in length, from 1 inch 
above the diaphragm to below the renal ar- 
teries; arterial supply of the left kidney 
hypoplastic (O) 

Aorta hypoplastic, 0.7 to 1 cm. in diameter, 
below the celiac axis; both renal arteries 
stenosed and the right renal artery occluded 
by a thrombus (Ao, A) 

Aorta hypoplastic, 8 mm. in diameter, below 
2nd lumbar vertebra 


* A = Autopsy. Ao = Aortography. 
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O = Operation. 


x-ray films. There were numerous collateral vessels 
originating from enlarged and tortuous lower 
intercostal arteries and from the visceral arteries. 

In connection with aortography, pressure tracings 
were recorded from the aorta above the constricted 


segment and during withdrawal of the catheter to the 
iliac artery. The aortic blood pressure above the 
coarctation was 210/110 mm. Hg and decreased 
suddenly to 140/100 mm. Hg at the site of the 
coarctation. 


The onset of the pulse wave in the 
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pressure curve from the iliac artery showed a delay 
of 0.06 second and the peak of the pulse wave a 
delay of 0.10 second as compared with the corre- 
sponding events in the pressure tracing from the aorta 
above the coarctation. 

Surgical treatment of the aortic anomaly was con- 
sidered impossible, because the whole distal ab- 
dominal aorta was hypoplastic. The patient. was 
seen again in November 1958. Her condition had 
remained unchanged. The blood pressure in both 
arms was 250/140 mm. Hg and the systolic blood 
pressure in both legs was 185 mm. Hg. 


REVIEW OF REPORTED CASES 


Coarctation of the abdominal aorta was ap- 
parently first described by Quain? in 1847. 
To date, twenty-seven cases, including our own, 
have been reported in the literature. The es- 
sential features of these twenty-seven cases of 
coarctation of the abdominal aorta are sum- 
marized in Table1. Some cases which may be 
examples of coarctation of the abdominal aorta 
have not been included in this review because 
of incompleteness of anatomic or clinical data. 
Thus, for example, in the cases described by Dou- 
mer et al.* and Froment et al.,* aortography re- 
vealed a total obstruction of the upper abdominal 
aorta, but the anatomy of the distal abdominal 
aorta was unknown. In the two cases men- 
tioned by Gliedman et al.,5 the diagnosis was 
made on the basis of old records of autopsy and 
the clinical features were not known. In the 
cases reported by Wang® and Kusui et al.’ it 
could not be decided whether the aortic ob- 
struction found at autopsy was a congenital 
coarctation or whether it was caused by some 
acquired disease. 


ETIOLOGY 


Coarctation of the abdominal aorta is evi- 
dently a congenital anomaly, but the exact 
mechanism of its development is unknown. 
Maycock® suggested that coarctation of the 
abdominal aorta is due either to lack of or un- 
equal fusion of the two dorsal aortas at one point 
with obliteration and loss of one of them, or 
to kinking of the fused aortas with consequent 
localized increased longitudinal tension pro- 
ducing a permanent narrowing. Maycock 
considered the first explanation to be the more 
probable. 


ANATOMY 


The classification proposed by D’Abreu et al.° 
is useful from the clinical and surgical point of 


view. These writers divide coarctations of 
the abdominal aorta into two groups: segmen- 
tary coarctations and hypoplastic coarctations. 
These two groups are further divided into three 
subgroups—suprarenal, interrenal and _infra- 
renal coarctations—according to the site of the 
beginning of the narrowed aortic segment. 
In the segmentary type the coarctation consists 
of a localized stenosed segment below which the 
abdominal aorta again attains greater diameter. 
In the hypoplastic type there is no actual coarcta- 
tion, but the abdominal aorta becomes narrow 
at a certain level and then remains hypoplastic 
down to the bifurcation. Some investigators 
have called the latter type of coarctation “‘atre- 
sia” 111 or “‘hypoplasia”’”’ of the abdominal aorta. 

In seventeen of the twenty-seven cases _re- 
ported, the coarctation was of segmentary type: 
suprarenal in seven, interrenal in four and in- 
frarenal in six. In four cases®'*—'® a long coarc- 
tation involving the upper part of the abdominal 
aorta began above the diaphragm. In four 
of the sixteen cases the distal part of the aorta 
below the coarctation was stated to be hypo- 
plastic. In one case a valve-like obstruction 
was observed at the site of the coarctation.’® 
In ten of the twenty-seven cases, a hypoplastic 
type of coarctation occurred; the site of the 
aortic narrowing was suprarenal in_ five, 
interrenal in one and infrarenal in four cases. 

The chief collateral anastomoses in cases of 
coarctation of the abdominal aorta originate 
from the lower intercostal arteries and internal 
mammary arteries to the caudal epigastric and 
lumbar arteries. Collateral networks may also 
develop between visceral arteries from both 
sides of the coarctation, especially between the 
superior and inferior mesenteric artery. 

Although degenerative and atherosclerotic lesions 
may occur in the aorta proximal to the coarcta- 
tation,*.!*.!6—18 corresponding lesions are usually 
absent in the distal portion of the aorta. Throm- 
boses may involve the stenosed aortic seg- 
ment.®.!2,17 Microscopically, Fisher and Corco- 
ran observed thickening of the aortic intima and 
abnormal narrowing of the media at the site of 
the coarctation. Focal cystic necroses of the aor- 
tic wall occurred in the case described by Alban- 
ese and Lazzarini.” 

The renal arteries and other major visceral 
arteries originating in the narrowed aortic 
segment may be stenosed, hypoplastic®. 15.22 
or occluded by thrombosis.!78 Anomalies of 
the major branches of the aortic arch occurred 
in two cases; in the case described by Kondo 
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et al.!© both subclavian arteries were hypoplastic 
and the right subclavian artery had an ano- 
malous origin, whereas in the case reported by 
Mann and Gunter” the left carotid artery was 
hypoplastic. Aneurysms of the cerebral ar- 
teries were found at autopsy in the case described 
by Fisher and Corcoran." 


HEMODYNAMICS 


Hemodynamic consequences of coarctation 
of the abdominal aorta depend on the degree 
of aortic obstruction and on the amount of 
collateral circulation bypassing the narrowed 
aortic segment. As in cases of coarctation of 
the aortic isthmus, hypertension, both systolic 
and diastolic, is usually present in the arterial 
compartment proximal to the coarctation, 
whereas arterial pressure distal to the coarcta- 
tion is normal or low. 

Pathogenesis of Hypertension: There has been 
much discussion of the possible role of renal 
ischemia as a cause of hypertension in cases of 
coarctation of the aortic isthmus. Culbertson 
et al. and Kirkendall et al. were un- 
able to find significant renal hemodynamic 
abnormalities in patients with coarctation 
of the aortic isthmus who were not in 
congestive heart failure. They suggested that 
hypertension in the upper arterial compartment 
is caused by mechanical factors and local regula- 
tory mechanisms, rather than by a circulating 
humoral vasoconstrictor. The fact that hyper- 
tension may occur in cases of coarctation of the 
abdominal aorta in which coarctation is lo- 
cated below the level of the renal arteries sup- 
ports the belief that impairment of the renal 
blood flow is not the cause of hypertension 
associated with coarctation. 

As has been pointed out by Kirkendall et al.,* 
an important argument against the theory of 
renal ischemia as a causative factor in hyper- 
tension associated with coarctation is the clinical 
course of hypertension in patients with coarcta- 
tion of the aorta. Severe retinopathy and other 
clinical symptoms of malignant hypertensive 
disease do not develop in patients with coarcta- 
tion of the aortic isthmus unless there is an 
additional etiologic factor producing malignant 
hypertensive disease. Apparently, this is true 
in cases of coarctation of the abdominal aorta 
as well. However, the possibility exists that 
malignant hypertension due to renal ischemia 
may develop in some patients with coarctation 
of the abdominal aorta because the renal ar- 
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teries may be stenosed or occluded by throm- 
bosis. In four patients with coarctation of the 
abdominal aorta described in the literature,!".%" 
severe retinopathy typical of malignant hyper- 
tensive disease did occur. Autopsy revealed 
impairment of the renal arterial blood supply 
caused by either stenosis or thrombosis of the 
renal arteries. In the case described by Milloy 
and Fell,'® hypertension due to unilateral renal 
ischemia developed after a successful bypass 
operation. 


CLINICAL FEATURES 


Incidence: ‘The true incidence of coarctation 
of the abdominal aorta is not known. The 
abdominal localization of coarctation is evi- 
dently not as rare as would appear from the 
small number of reported cases, because reports 
of new cases have appeared with increasing 
frequency; twenty-two of the twenty-six cases 
reported were diagnosed during the last ten 
years. Wood* has estimated that the ab- 
dominal aorta is involved in approximately 2 
per cent of all cases of coarctation of the aorta. 
At the Hospital of the Wihuri Research Insti- 
tute, seventy-two patients with coarctation of 
the aorta were examined in the period 1947 to 
1958. In two cases, one of which has pre- 
viously been reported by Miettinen et al.,* 
the coarctation was located in the abdominal 
aorta. 

Sex Distribution: Fourteen of the twenty- 
seven patients were women and thirteen were 
men. This differs from the ratio of women 
to men in cases of coarctation of the aortic 
isthmus. According to Abbott”? and Reifen- 
stein et al.,*4 coarctation of the aortic isthmus 
occurs four to five times more frevuently in 
men than in women, but in the series of cases 
reported by Gross*® and Wood® that ratio was 
only 2 to 1. 

Symptoms: Most patients were free of symp- 
toms during childhood and adolescence. Six 
of the eleven patients over thirty years of age 
were still asymptomatic at age thirty. Four 
patients did not have any symptoms until the 
fifth decade. 

Intermittent claudication occurred in twelve of 
the twenty-seven patients; in addition, two 
patients complained of persistent coldness of 
the lower extremities. In two of the patients 
a trophic ulcer of the toe developed.” In 
four patients claudication was the only com- 
plaint. Intermittent claudication is said to 
occur in only 5 per cent of cases of coarctation 
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of the aortic isthmus.**5 The greater frequency of 
claudication in cases of coarctation of the 
abdominal aorta may be due to an inadequate 
development of the collateral circulation. 
Claudication was present since childhood in 
only two cases.'*?6 In other cases this symptom 
appeared between the ages of fifteen and forty- 
two. The appearance of claudication in the 
adult indicates that the blood supply to the 
lower extremities at that time becomes more 
seriously impaired. Degenerative and throm- 
botic lesions in the stenosed aortic segment and 
in the collateral anastomoses may have sig- 
nificance in the development of circulatory 
insufficiency of the lower extremities. In 
two cases™.!8 in which intermittent claudication 
did occur thrombotic obstruction of the aorta 
at the site of the coarctation was revealed at 
autopsy. 

Other symptoms included headache (thirteen 
patients), precordial or epigastric pains (six 
patients), vertigo (four patients), palpitations 
(four patients), slight dyspnea on exertion 
(three patients), and epistaxis (one patient). 
Manifest congestive heart failure developed in 
four patients at the age of nine, thirty-four, 
forty-four and forty-nine. The patient de- 
scribed by Goldzieher et al.*° had attacks closely 
simulating those caused by pheochromocytoma. 

Physical Signs: ‘The blood pressure in the arms 
is elevated; usually both the systolic and the 
diastolic levels are increased. However, cases 
in which blood pressure in the arms was 
normal have been reported.*!*! The patient 
described by Goldzieher et al.*° had paroxysmal 
attacks of hypertension; between these attacks, 
blood pressure was normal or slightly elevated. 
In the case reported by Kondo et al.'* in which 
both subclavian arteries were hypoplastic, the 
blood pressure in the left arm was 40 mm. 
Hg; it could not be measured in the right arm. 

The blood pressure is lower in the legs than 
in the arms; it may be unobtainable in the 
legs by the auscultatory technic. In cases of 
mild coarctation, blood pressure may be the 
same in arms and legs.*”! Femoral pulsations 
are usually poor and delayed or even impal- 
pable; in mild cases, however, they do not differ 
greatly from normal. An important sign ob- 
served in some cases is the presence of strong 
aortic pulsation in the epigastrium and its sudden 
disappearance more distally. This sign is 


especially valuable in the differential diagnosis 
of coarctation of the abdominal aorta and 
coarctation of the thoracic aorta. 


In cases of 
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coarctation of the abdominal aorta, visible or 
palpable pulsations of collateral arteries (if 
present) are observed in the lower intercostal 
spaces or on the abdominal wall. 

A systolic murmur is heard above the coarcta- 
tion, anteriorly in the left epigastrium and 
posteriorly at the level of the lower thoracic or 
upper lumbar vertebrae. In the case reported 
by Gerbasi et al.® and the one described herein 
the murmur above the coarctation was con- 
tinuous, consisting of a louder systolic part and 
a faint decrescendo diastolic part. Spencer 
et al.* have recently paid attention to the oc- 
currence of continuous murmurs in cases of 
coarctation of the aortic isthmus. The mur- 
mur arising from the stenosed aortic segment is 
continuous if the pressure gradient across the 
coarctation is both systolic and diastolic. This 
may occur in cases of severe coarctation if the 
collateral circulation bypassing the stenosed 
aortic segment is inadequate to maintain the 
diastolic blood pressure in the distal aorta 
at the same level as above the. coarctation. 
The presence of both systolic and diastolic 
pressure gradients across the coarctation was 
demonstrated by direct pressure tracings from 
the aorta in the case reported herein. 

Examination of the heart may reveal a heaving 
apex impulse suggesting left ventricular hyper- 
trophy. Systolic murmurs at the apex or aortic 
area were recorded in sixteen cases. An aortic 
diastolic murmur, which is heard frequently in 
coarctation of the aortic isthmus,” was heard 
in only one case. 

In uncomplicated cases of coarctation of the 
abdominal aorta, the retinal arteries are normal, . 
or may show a slight narrowing and increased 
light streaking. In four of the fourteen cases 
in which ophthalmoscopic findings were men- 
tioned, the retinal changes were typical of 
malignant hypertension. As has been men- 
tioned, the development of malignant hyper- 
tension in these cases was evidently due to 
coexisting impairment of the renal arterial 
blood supply. 

Roentgenographic and Other Special Examinations: 
Roentgenograms of the chest may reveal the 
heart to be of normal size, or with enlargement 
of the left chambers. Abnormalities of the 
aortic arch characteristic of coarctation of the 
aortic isthmus are absent. Notching of the 
inferior margins of the ribs, caused by tortuous 
and dilated intercostal arteries is observed in 
some cases, but only in the lower ribs. The 
presence or absence of notching of the ribs was 
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recorded in seventeen cases; in eight of these 
cases notching was observed in the seventh to 
tenth ribs. 

The electrocardiogram revealed left ventricular 
hypertrophy in most cases, but was normal in 
some. 

The exact anatomy of coarctation of the 
abdominal aorta is best revealed by aortography. 
Angiocardiography has been employed, but 
does not give sufficient contrast filling of the 
abdominal aorta and may lead to erroneous 
diagnosis. Aortography was performed in four- 
teen cases. An injection of the contrast sub- 
stance in six cases was made through a needle 
inserted into the aorta by percutaneous punc- 
ture; in six cases the injection was made through 
a catheter introduced from the femoral artery 
into the abdominal aorta; in one case a retro- 
grade injection through the left carotid artery 
was employed, and in another case the aortog- 
raphy was performed in connection with an 
exploratory operation. Aortography, however, 
may be a hazardous diagnostic procedure. Fatal 
complications occurred in two of the fourteen 
cases'*,4_ and transient renal failure developed 
in one." 

Patients with coarctation of the abdominal 
aorta who have severe retinopathy or other 
features suggesting malignant hypertensive dis- 
ease should be screened for the presence of 
unilateral renal ischemia. Nephrectomy may be 
of benefit in such cases. Special tests proposed 
for this purpose include, in addition to renal 
arteriography, examination of the flow of 
urine and sodium output of each kidney sepa- 
rately! and radioactive Diodrast® renograms.* 

Differential Diagnosis: Differentiation of co- 
arctation of the abdominal aorta and coarcta- 
tion of the thoracic aorta is not difficult, if the 
possibility of abdominal localization of coarcta- 
tion is kept in mind. Acquired conditions 
producing stenosis or occlusion of the abdominal 
aorta must also be considered in the differential 
diagnosis. These include atherosclerotic ob- 
structive lesions with or without thrombosis, 
simple thrombosis or embolic occlusion, aneu- 
rysms or dissections involving the abdominal 
aorta, and external pressure from a tumor. 
As has been pointed out by Milloy and Fell, 
local aortitis may also produce obstructive 
lesions of the aorta which are difficult to dif- 
ferentiate from congenital coarctation. Ac- 
quired, long-standing obstructive processes may 
sometimes give rise to the development of 
extensive collateral circulation, as was shown 
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by Baylin.* Besides careful evaluation of the 
history and clinical findings, an aortogram is 
valuable in the differentiation of congenital 
coarctation of the abdominal aorta from ac- 
quired obstructive lesions. 


PROGNOSIS 


Twelve of the twenty-seven patients described 
in the literature died: two of them postopera- 
tively, two from complications of aortography, 
and one from intestinal disease not related to 
coarctation. The patient described by Quain? 
died at the age of fifty after having epigastric 
pains on exertion during one year. The patient 
described by Power* died after a convulsive 
attack at the age of seventeen. The exact 
cause of death in these two cases is unknown. 
Two patients, aged eleven and fifty-one, died 
from congestive heart failure,” and three 
patients, aged fourteen, thirty-two and forty- 
six, from cerebrovascular accidents.4*7 The 
majority of patients with coarctation of the 
aortic isthmus die before the age of forty, the 
average age of death being thirty-five.* The 
number of reported cases of coarctation of the 
abdominal aorta is so small that no certain 
conclusions can be drawn about the average 
life expectancy of patients with this anomaly. 
It seems, however, to be rather similar to the 
life expectancy of patients with coarctation of 
the aortic isthmus. 


SURGICAL TREATMENT 


Surgical treatment of coarctation of the ab- 
dominal aorta has been extensively discussed by 
D’Abreu et al. As they pointed out, the 
possibilities of surgical treatment depend on the 
localization and length of the coarctation, its 
relation to the major visceral arteries and the 
state of the distal part of the aorta. Cases in 
which the distal aorta is extremely hypoplastic 
are evidently inoperable by reconstructive 
methods. Extensive thrombosis of the distal 
aorta also makes surgical treatment impossible. 
Resection of the stenosed aortic segment, with 
or without the use of a free arterial graft, may 
be feasible in cases in which a short segmentary 
coarctation occurs at the level of the diaphragm 
or below the level of the renal arteries. Un- 
fortunately, coarctation of the abdominal aorta 
rarely is of this type. 

Coarctation involving the aortic segment between 
the celiac axis and renal arteries presents an €s- 
pecially difficult surgical problem. Operations 
in which the stenosed aortic segment is bypassed 
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using the splenic artery or an arterial homograft, 
however, have given promising results. Such 
an operation was first described by Glenn et al.” 
who operated upon a patient with a coarctation 
involving the lower thoracic and upper ab- 
dominal aorta immediately proximal to the 
celiac axis. Splenectomy was performed and 
the enlarged splenic artery was inserted into 
the thoracic aorta proximal to the coarctation. 
Albanese and Lazzarini® operated upon a 
patient with an extreme coarctation extending 
from the celiac axis to the renal arteries. 
The aorta was divided at the distal end of the 
coarctation and a homologous arterial graft 
was inserted end-to-side into the aorta proximal 
to the coarctation and end-to-end into the distal 
part of the aorta. The patient died from post- 
operative anuria. Autopsy revealed an extreme 
hypoplasia of both renal arteries. In the case 
reported by Gerbasi et al.,*® a segmentary coarc- 
tation limited to the celiac axis was bypassed 
using an aortic homograft. D’Abreu et al.® 
described two cases in which a bypass operation 
was accomplished. In the first case a short 
coarctation was located immediately below the 
renal arteries. After splenectomy, the splenic 
artery was lengthened by using an arterial 
homograft and then inserted into the aorta 
distal to the coarctation. In the second case a 
long coarctation extended from the lower tho- 
racic aorta to a level immediately below the 
renal arteries. The aorta was divided at the 
proximal end of the coarctation and the bypass 
was accomplished using an aortic homograft. 
The central anastomosis was made end-to-end 
and the distal anastomosis end-to-side. In the 
case reported by Milloy and Fell'® a coarctation 
extending from the lower thoracic aorta to a 
level below the renal arteries was bypassed 
using an aortic homograft. 

Results of Surgery: Four of the five patients 
who were successfully operated upon using the 
bypass technic had hypertension. In three, the 
blood pressure decreased to normal after the op- 
eration. In the case described by Milloy and 
Fell'® the blood pressure increased postopera- 
tively. It became evident that this was due to 
unilateral renal ischemia. The left kidney which 
was supplied with small arteries originating from 
the stenosed aortic segment was removed and 
the blood pressure subsequently decreased. 
In this case, creation of a bypass evidently caused 
an impairment of the circulation in a previously 
ischemic kidney and precipitated the develop- 
ment of renal hypertension. Intermittent clau- 
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dication, which occurred in four of the five 
patients operated upon, was abolished post- 
operatively in three patients and lessened in one 
patient. 

In three cases*'%.” a bilateral thoracolumbar 
sympathectomy or splanchnicectomy was per- 
formed because of hypertension before the diag- 
nosis of coarctation was made. Similarly, a 
lumbar sympathectomy was carried out in 
one case’ because of intermittent claudication. 
No definite benefit resulted from these opera- 
tions. In the cases described by Bahnson et 
al.” and Ritchie and Douglas,” a bilateral 
lumbar sympathectomy was performed because 
correction of the coarctation, which was of the 
hypoplastic type, was considered impossible. 
The operation had little or no effect on the 
symptoms of claudication. In the case reported 
by Paramonova,* the left kidney was decap- 
sulated and embedded into omentum without 
benefit. In two cases,’**! nephrectomy was 
performed because hypertension caused by uni- 
lateral renal ischemia was considered to be 
present. The operation had no effect on the 
blood pressure and the patients died soon after 
the surgery. In both cases autopsy revealed 
bilateral stenosis of the renal arteries. In four 
cases the surgery was limited to exploratory 
operation. 


SUMMARY 


A case of coarctation of the abdominal aorta 
occurring in a twenty-year old woman is re- 
ported and the essential clinical features of 
twenty-six cases reported in the literature are 
summarized. 

In seventeen of the twenty-seven cases the 
coarctation consisted of a localized stenosed 
segment below which the aorta again attained 
greater diameter. In the remaining ten cases 
the coarctation was of the hypoplastic type; 
there was no actual coarctation, but the ab- 
dominal aorta narrowed at a certain level and 
then remained hypoplastic down to the bifurca- 
tion. In several cases the renal arteries or other 
major visceral arteries originating in the 
narrowed aortic segments were hypoplastic, 
stenosed or occluded by thrombosis. 

Fourteen of the twenty-seven patients were 
women and thirteen were men. Most patients 
reached adult age without symptoms. The 
most common complaint was intermittent clau- 
dication and/or coldness of the lower limbs 
which occurred in fourteen cases. Hyperten- 
sion in the upper limbs occurred in almost all 
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cases. Congestive heart failure and cerebro- 
vascular accidents were the major complications 
encountered in the series. 

The most important clinical feature in the 
diagnosis of coarctation of the abdominal aorta 
is the low location of the murmur. Evidence 
of collateral circulation, if present, is found in 
the lower part of the thorax and on the abdo- 
men. Aortography is valuable in the evalua- 
tion of the anatomic quality of the coarctation 
and in the differentiation of this anomaly from 
acquired conditions producing stenosis of the 
abdominal aorta. 

Malignant hypertensive disease may develop 
in some cases of coarctation of the abdominal 
aorta. Four cases of this kind have been re- 
ported in the literature; in all of them autopsy 
revealed impairment of the renal arterial blood 
supply either by stenosis or thrombosis of the 
renal arteries. 

Surgical treatment of coarctation of the ab- 
dominal aorta is possible in selected cases. 
Operations in which the stenosed aortic seg- 
ment is bypassed, using the splenic artery or 
an arterial homograft, have given promising 
results. 
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ADDENDUM 


Three papers dealing with coarctation of the abdominal aorta have appeared since the submission of our manu- 
script. Brust et al. (Am. J. Med., 27: 793, 1959) have reported in detail two cases included in our review.*_ Hanson 
et al. (Acta chir. scandinav., Suppl. 245: 315, 1959) have described a new surgical approach employed successfully 
in a case of coarctation involving the celiac axis and renal arteries. Morris et al. (Arch. Surg., 80: 87, 1960) have 
described four cases; in two of them a successful surgical treatment was accomplished. 
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New Methods 


A Modification of the Vasodilatation Test* 


OrvILLE Horwitz, M.D. and Diane G. ABRAMSON 


Philadelphia, Pennsylvania 


N INCREASINGLY important aid in deter- 
mining the capacity for blood flow in the 
toes is the vasodilatation test, which measures 
blood flow when vasomotor tone is abolished 
and, in the presence of arterial occlusion, meas- 
ures collateral circulation. The test aids prog- 
nosis and is often the determining factor in de- 
ciding whether or not arterial surgery, either 
grafting or endarterectomy, should be attempted. ! 
If the test shows a good capacity for blood flow 
in the toes, the limb is in no immediate danger 
and a surgical procedure that in itself might 
compromise the circulation is contraindicated. 
If the test reveals a poor capacity for blood flow 
in the toes, the foot is in jeopardy and arterial 
surgery should be undertaken if feasible. 

The increase in digital blood flow that results 
from heating the body was originally described 
by Lewis and Pickering? who noted the rise in 
temperature of a cool extremity when the body 
was warmed. Gibbon and Landis* modified 
the procedure for measuring the capacity for 
blood flow in the toes by immersing the fore- 
arms and hands of the subject in hot water in a 
thermoregulated room and measuring the tem- 
perature of the skin of the toes with thermo- 
couples. (A room temperature of 20°c. main- 
tains a satisfactory thermal gradient between 
skin and air.) From this procedure, it appeared 
that vasodilatation in the toes resulted from an 
increase in temperature of the vasomotor centers 
occasioned by warm blood from the immersed 
extremity. This phenomenon was not then 
used as a Clinical test, but as a means 
of investigating the vasomotor innervation 
of the limbs. Gradually, however, the 
procedure came to be used as a means 


-ischemic toes.” 


of determining the degree of obstructive 
vascular disease, which is now its main use. 

Montgomery, Naide and Freeman‘ showed 
that amputation is seldom necessary when the 
final skin temperature in a test is above 26°c. and 
practically never when it is above 28°c. They 
used various methods of releasing vascular 
tone, including spinal anesthesia and other 
types of nerve blocks. Vasomotor tone is now 
released by heating the body, as well as the 
extremities that are not being studied, by apply- 
ing heating pads and blankets in a room with a 
constant temperature of 20°c.5 The flow in the 
extremities being studied is estimated by meas- 
uring skin temperature with thermocouples. 

The average time of a vasodilatation test 
performed on a patient with ischemia is about 
two hours. Occasionally no _ vasodilatation 
occurs in three hours. In an _ attempt 
to speed up the test we adopted a method 
of releasing the vascular tone initially by 
warming the feet at the same time the 
body is being warmed by placing a heating 
pad close to but not directly on the feet and 
covering them with a blanket. Our purpose 
was to place the feet in a state of vasodilatation 
rather than in a state of vasoconstriction. We 
hoped to take advantage of the observation of 
Pickering and Hess* who noted that “with the 
feet initially at different temperatures vasodilata- 
tion is delayed in the cooler.” 

Also we had previously found that elevating 
the head of the patient’s bed seems to cause an 
increase in blood flow to the feet because it 
promotes an increase in the oxygen tension of 
Therefore, we studied the effect 
of elevating the head of the bed as well as that 


* Froin the Vascular Section of the Edward Robinette Foundation, Medical Clinic, Hospital of the University of 


Pennsylvania, Philadelphia, Pennsylvania. 
tion, Inc. 
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TABLE 


Differences in Time, Final Temperature and Final Blood Flow of 


Method A 
Sen end Toe Temperature (c.) R Toms. 
oom 
Patient Age Tem- perature 
(yr.) wg Right Left pera- (F.) ‘Time 
(min. ) (min. ) 
ture 
ist | 3rd | Sth | 1st | 3rd | Sth | | Start | End 1st 
F. H. M, 64 80 32.0 | 33.5 | 34.0 | 24.0 | 24.0 | 26.0 20.2 98.0 | 99.0 65 33.0 
J. M. M, 65 70 22.0 | .22:3.1 23.0 |} 22.0 1 22.5.) 25.5 19.5 98.6 | 99.0 55 27.0 
M, 70 115 21.0: 1 25.5 |.27.5 20.0 98.6 110 
H. B. F, 61 180 28.0 | 27.0 | 27.5 | 26.0 | 24.0 | 26.0 20.0 98.8 | 98.8 105 29.0 
M. B. F, 49 130 — — _— 30.0 | 28.0 | 28.0 20.0 97.8 | 98.2 90 — 
E. S. M, 59 115 28.0 | 29.5 | 29.5 | 28.0 | 29.5 | 30.5 19.5 97.8 | 98.8 100 31.0 
R. M. M, 78 115 5 22.8 22:60 20.5 97.6 | 98.4 90 23.5 
F. R. M, 58 110 23.0°>| 23:5 | 25.0 |} 23.5 | 2.5 | 23.0 20.5 98.4 | 98.8 100 23.0 
E. E. M, 52 90 20:54 20:5 224 21.8 98.0 | 99.0 75 23.5 
Mean 62 112 20.2 98.2 | 98.8 88 


Nore: In method A vasodilatation is produced by applying heat to the abdomen. In method B vasodilatation 


calculated from a graph by Felder et al.8 


ROOM TEMP. 20-0°C 
33-2°%c 
| 
4 


24-6°C 


> 
1 


RIGHT THIRD TOE 
LEFT THIRD TOE 


35 — 
33-2°c 


Shin Temperature 


fe) 15 30 45 60 75 90 MIN. 
Fic. 1. Method A, chart of skin temperature of the 
third toes during a vasodilatation test in which the 
vasodilatation was produced by applying heat to the 
abdomen (1) only. Method B, chart of skin tempera- 
ture of the third toes during a vasodilatation test in 
which the vasodilatation was produced by applying heat 
to the abdomen (1) and the feet (mu). Both tests were 
performed on the same patient. Note that method B 
resulted in a greater degree of vasodilatation than 
method A in the left third toe. In the right third toe 
there was no essential difference in vasodilatation be- 
tween the two methods. In both feet vasodilatation 
occurred more rapidly in method B. 


of initially warming the feet during the vasodila- 
tation test. 

The purpose of the present study is to in- 
vestigate the effects of these twe conditions on 
the reliability and speed with which a vasodilata- 
tion test can be performed. 


METHOD 


All the various procedures were used on sixteen 
patients (thirteen men and three women) who had 
arteriosclerosis with some grade of arterial occlusion 
in one leg. Their ages ranged from forty-nine to 
seventy-eight years, with a mean ofsixty-one. After 
an adequate meal and emptying of the bladder, 
each subject lay on a comfortable bed in a 20°c. 
thermoregulated room. In all cases their arms and 
bodies were heated with two blankets and two 
heating pads throughout the study. Thermocouples 
for recording temperatures of the skin at intervals of 
three minutes were placed on the first, third and fifth 
toes of both feet. Oral temperature was recorded at 
the beginning and end of each test. 

In the first series, two methods of testing, A and B, 
were applied to each of nine patients (Fig. 1). 
In method A the feet were exposed to room air 
throughout the entire procedure and the test was 
continued until it was believed that maximum 
vasodilatation had occurred. In method B a 
heating pad was placed close to but not touching the 
feet and a blanket was placed over both the heating 
pad and the feet for fifteen minutes or until the 
temperature of the toes as measured by the thermo- 
couples had reached 38°c. The feet were then 
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Modification of the Vasodilatation Test 


I 
Toes Between Two Methods of Performing the Vasodilatation Test 


M. B 
ethod Approximate Dif- 


ference in Flow 
(cc./100 cc, 
tissue /min. ) 
Between B-A 


Average Difference 
in Toe Tempera- 
ture (c.) Between 

B-A 


Toe Temperature (c.) 


Left 


3rd Right 


Ww 


28.5 
27.0 
24.5 
28.0 
29.0 
28.5 
25.5 
25.0 
26.0 


99.4 
98.0 
98.6 
97.0 
98.0 
97.6 
98.0 
98.0 


26.0 
26.5 
29.0 
29.0 
29.5 
26.0 
25.0 
26.5 


19.0 
19.0 
20.0 
19.0 
20.0 
20.0 
20.0 
21.0 


27.0 
25.5 
27.0 
29.0 
28.5 
25.0 
24.0 
26.0 


N 


| =| wo 
uw 
uw 


tN N Ww 
| =) | co 


| 
NONN 
WOWAOCAD 


NNN Ww 

omoo 

WANS 


19.8 | 98.0 | 98.5 1.8 2.2 


is produced by heating the feet directly and applying heat to the abdomen. Approximate blood flows were 


A further series of observations was made on seven 
patients to observe the effect of elevating the head of 
the bed. Two tests, using method B, were performed 
on each patient. In one test the head of the bed was 
elevated on 8-inch blocks and in the other the bed 
was kept horizontal. 


exposed to the air with the heating pad and blanket 
removed. The test was continued until the temper- 
ature of the toes remained constant for a half hour. 
The tests were performed on each of the nine patients 
within a three-week period, six being subjected to 
method A first and three to method B first. 


TABLE II 
Differences in Final Results of Vasodilatation Test Produced by Inserting 8 Inch Blocks Under Legs at Head of Bed 


Head of Bed Up Bed Horizontal Ap- 


Oral Tem- 


perature 


(F.) 


Start 


5 


Oral Tem- 
perature 


Start 


Average 
Difference 
in Toe 
Tempera- 
ture 
1 minus 2 


proximate 
Difference 
in Flow 
(cc. /100 
cc. tissue/ 
min.) in 
Toes 


M, 55 
M, 58 
M, 49 
F, 67 
M, 68 


98.2 
98.0 
98.2 
97.4 
98.4 
99.4 


OOO 
AN 


98.0 
98.8 
98.6 
98.4 
97.4 
98.2 
98.4 


Mean 


60 


98.2 


98.6 


N 


98.3 


Nore: In all cases the feet were pre-heated as described in method B. Approximate blood flows were calculated 


from a graph by Felder et al.® 


* Average of 1st, 3rd and 5th toes of both feet. 
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Room | Oral Tem- 
Right pera- (F.) B-A 
| 5th | ist | 
— 
3 
Pati Sex and | Toe Room Toe Room pret 
atient | age (yr.)| Tem- | Tem- | | Tem- | | 
F. 
pera- pera- pera- pera- or 
* 
(c.) (c.) | mm | (c) (c.) | | End 
M, 52 29 19.4 | 98.0 4 19.0 98.0 3 > Saree 
30 20.5 4 | 20.0 98.6 5 
28 20.0 8 | 20.0 98.8 2 at 
30 20.0 9 19.5 98.8 12 
32 20.0 5 20.0 98 .6 25 
31 20.0 i 20.5 98.6 14 
M, 68 27 19.5 | 9 | 20.0 98.6 2 ME ans 
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RESULTS 


The results of method B in which the feet were 
pre-heated were compared with those of method 
A in which the feet were not pre-heated. 
Method B was invariably faster by an average of 
twenty-four minutes and produced a fuller 
degree of vasodilatation in all but one instance 
in which there was no appreciable difference 
between the two methods (Table 1). 

Using method B exclusively and comparing 
the final state. of vasodilatation in the “‘head-up” 
position with the same state in the horizontal 
position it was found that a fuller degree of vaso- 
dilatation was obtained in the “‘head-up”’ posi- 
tion in all seven patients (Table m). 


COMMENTS 


In view of the observation of Pickering and 
Hess® that “warming the body produces. . . in 
the lower extremities incomplete loss of vaso- 
constrictor tone,”’ and that in an environment of 
‘20°c. vasodilatation is considerably more diffi- 
cult to produce than vasoconstriction, it was 
hardly surprising to find that pre-heating the 
feet produced a more complete and more rapid 
state of vasodilatation. 

In our previous observations showing that the 
oxygen tension of the toes was increased when 
the head of the patient’s bed was raised, the feet 
had purposely been kept less than fully vaso- 
dilated and only suggestive evidence of increased 
blood flow was obtained.’ In the studies 
described here, when a full state of vasodilatation 
was present increased blood flow in the feet was 
clearly indicated when the head of the bed was 
raised. 

We have defined the vasodilatation test as the 
measurement of blood flow when vascular tone 
is abolished. The combination of complete 
abolition of vascular tone and simultaneous 
measurement of the resulting blood flow by 
comfortable and practical means is not often 
possible. Our modifications, however, do serve 
to reduce vascular tone more completely and 
furnish a more satisfactory test. 


CONCLUSIONS 


The modification of the vasodilatation test 
described results in a greater degree of vasodila- 
tation and can be administered in less time 
than previous procedures. 


SUMMARY 


The vasodilatation test, the measurement of 
blood flow when vasomotor tone is abolished, 
can be a determining factor in deciding whether 
or not arterial surgery should be attempted. 
The purpose of this work is to show the ad- 
vantages in time, and usually in accuracy, of 
placing patients in a state of vasodilatation when 
performing the test. An advantage gained by 
allowing the feet to be in a slightly dependent 
position is also demonstrated. 
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The Application of the Segmental 
Plethysmograph to the Measurement 


of Blood Flow Through the Limbs 
of Human Beings’ 


CHESTER HyMAN, PH.D. and Travis WINSOR, M.D., F.A.C.C. 
Los Angeles, California 


HE measurement of blood flow through the 

extremities of man has become a routine 
determination in recent years. The standard 
procedure is to use a plethysmograph, usually 
in some form derived from that originally de- 
scribed by Hewlett and van Zwaluwenburg.! 
These systems require a rigid, non-distensible 
jacket arranged in such a way that any increase 
in the volume of the limb displaces some fluid 
from the space between the jacket and the skin 
into a volume sensitive recording device. Al- 
though water or air may be used to fill the space, 
in the usual laboratory models the system is 
water-filled. Because of the rigidity of the case 
and the weight of the water such an instrument 
is not entirely suitable for the measurement of 
blood flow in the moving subject. 

The problem of measuring blood flow under 
this special circumstance has been given much 
attention in recent years and several ingenious 
solutions have been proposed. The impedance 
plethysmograph, which requires the application 
of only two simple electrodes to the extremity 
and which is therefore easily carried on the 
active subject, has been suggested by Nyboer,? 
and more recently studied by Powers et al.* 
Unfortunately this instrument is difficult to 
calibrate and the resulting values cannot easily 
be translated into the dimensions of a flow, 
namely, volume of blood flowing through unit 
tissue per unit time. Whitney,‘ in 1953, de- 
scribed the so-called strain gauge plethysmo- 
graph which measures the circumference of 
various portions of the limb. By geometric 


conversion, changes in circumference can be re- 
lated to changes in volume. Although these 
measurements have been reproducible under 
some conditions,’ they do not represent a direct 
measurement of volume. Recently Dohn et 
al.6 and Graf and Westersten’ have suggested 
that an air-filled flexible cuff might be placed 
around a segment of the extremity and be con- 
nected to a sufficiently sensitive volume trans- 
ducer to serve as a plethysmograph. 

The purpose of this report is to call attention 
to the fact that the segmental plethysmographf 
recently described by one of us* can be applied 
to this measurement of blood flow in the human 
extremity. 

Ideally, the plethysmograph for measurement 
of blood flow in the extremity should satisfy 
certain requirements. The cuff or enclosing 
chamber should be designed to present a rigid 
surface; to permit ease in application and to im- 
pose minimum interference with the subject, 
it should be light and of such a nature as to 
conform quickly and easily to variously shaped 
limbs. To assure accurate registration the de- 
tector should respond to minute increments in 
volume of segment; it should function as a 
volume rather than a pressure sensitive system ; 
that is, increase in the volume of the forearm 
should result in minimum pressure changes 
since these in themselves can modify the ap- 
parent volume increments. The total pressure 
in the cuff should be held as low as practical. 

t Electro-Medical Engineering Company, Burbank, 
California. 


* From the Departments of Physiology and Medicine, 4041 Wilshire Blvd., University of Southern California 
School of Medicine and the Heart Research Foundation, Los Angeles, California. Support for this study was de- 
rived from the U. S. Public Health Service (Grant 352). 
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Arterial 
Standardization occlusion 
chamber cuff 
Differential 
Shut off chamber 
valve’ 
Pick-up 
cuff 
Bulb 


Venous occlusion cuff 


Fic. 1. Arrangement of segmental plethysmograph for 
measurement of blood flow in the calf by venous oc- 
clusion technic. Displacement of the diaphragm of the 
differential chamber is proportional to the change in 
volume of the pick-up cuff; the diaphragm is one plate 
of a modified capacitance manometer connected to a 
suitable amplifier and recording system. 


Obviously the system as a whole must be linear; 
that is, the final output should give an equal dis- 
placement per unit volume change over its en- 
tire range. This is assured by using the 
mid-portion of the sensitivity range of the trans- 
ducers and amplifiers involved in the system. 
The frequency response requirements for venous 
occlusion plethysmography are far less rigorous 
than those for the detection and accurate writing 
of the pulse amplitude curves; usually 5 to 10 
c.p.s. is ample. Finally, the system should be 
simple to calibrate in terms of (1) the change in 
output per unit change in the arm volume and 
(2) the total volume of tissue actually contained 


: Subject: H.R. 
£ 
wail 
3 
O 
47 
oO 
3 
2 
5 
6 


Time in Minutes 


within the plethysmograph. The first calibra- 
tion is accomplished by introducing a measured 
volume of air or fluid into some part of the sys- 
tem and noting the effect on the final written 
record. The total volume of extremity con- 
tained in the plethysmograph is measured by 
fluid displacement. 

Most of these requirements are fully satisfied 
by the segmental plethysmograph. Since this 
instrument is designed to give an accurate quan- 
titative measure of the volume of the pulse in a 
segment of extremity, it is already equipped with 
a transducer with characteristics suited to 
measurement of the volume increment follow- 
ing venous occlusion, except that the increase 
in segment volume in the course of a venous oc- 
clusion flow determination, eight to fifteen 
times as large as a single pulse, might extend be- 
yond the linear range of the detector. To test 
this possibility and to assure ourselves that all 
the other characteristics of the segmental 
plethysmograph were indeed suitable for blood 
flow determinations, the following experimental 
studies were undertaken. 


METHOD 


The cuff used as a detector to determine blood 
flow was wrapped around an extremity in exactly 
the same way as when used for an oscillometric 
determination. A few preliminary studies indicated 
that the cuff used must have a highly flexible mem- 
brane against the skin and a more rigid external 
membrane, and that it should be shaped to assure 


Subject: W.D. 


Fic. 2. Blood flow through the forearm of two normal subjects during postural changes. All 
determinations were made using the segmental plethysmograph. 
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To digital 
plethysmograph 


Fic. 3. Arrangements for blood flow measurement 
using the water-filled plethysmograph adapted to record 
through a digital transducer. 


close approximation to the surface of the extremity. 
A suitable cuff of light dental dam was prepared to 
form a section of a cone when wrapped around the 
extremity; the rubber cuff was held in place with 
elastic tape and covered with a non-distensible 
leather or plastic band that served as the rigid 
external surface. Changing the tension with which 
the cuff was applied did not significantly change the 
resulting venous occlusion record. 

Ordinary sphygmomanometer cuffs were used to 
obtain arterial occlusion distal to the detector and 
venous occlusion proximal to the detector. For the 
determinations the “plethysmographic” cuff was 
inflated. to a pressure between 10 and 20 mm. Hg 
and isolated from the reference chamber by the 
“shut-off” valve. - Varying pressures over this 
range did not alter measured blood flow. The 
arterial occlusion cuff was inflated to a pressure 
above systolic and, after fifteen to forty-five seconds, 


32 - Subject: R.K. 

° 4 

28- 

7 

244 

a 

= ¢ 207 

16-4 

- 

12- 

ee 

3 

84 ee 

= a 

° 

10 20 32 


Blood Flow Measured by Segmental Plethysmograph 

cc/100cc/min. 
Fic. 4. Comparison of simultaneously determined 
flows on the forearms of a normal subject. Ordinate: 
flow measured by the water-filled plethysmograph; 
abscissa: measurements by the segmental plethysmo- 
graph. Part of the scatter of the points around the line 
of 1:1 correspondence represents the asymmetry between 
the two arms. 
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chamber and 
transducer 


Digital 
transducer 


Metering | 
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Subtracting 
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Metering 
circuit 


Recorder 


Recorder 
I 


Recorder 


Fic. 5. Block diagram of arrangements for the elec- 
trical comparison of the output from the two plethysmo- 


graphs. 


the venous occlusion cuff was acutely inflated to a 
pressure between 60 and 80 mm. Hg. The increase 
in volume of the extremity underneath the segmental 
cuff was then followed on a suitable recording gal- 
vanometer. These arrangements are shown in 
Figure 1. 


RESULTS 


Using this system the apparent flows through 
the forearm were determined on subjects at 
rest and during periods of altered vasomotor 
tone induced by local exercise, reactive hy- 
peremia and postural shifts. In all cases the 
data showed the changes to be the same as those 
encountered when measurements are made with 
the water-filled plethysmograph. In Figure 2 
the changes in blood flow during several postural 
changes are plotted. The increase in flow when 
the legs of a supine subject are passively raised 
is about the same as that reported by Roddie, 
Shepherd and Whelan;* the change in flow in 
the forearm of the squatting subject corresponds 
to that described by Sharpey-Schafer et al.” 

Direct comparisons were made of the blood 
flows as measured by the segmental plethysmo- 
graph on one forearm as described and as 
measured by a conventional water-filled plethys- 
mograph (similar to that used by Barcroft and 
Swan") placed on the contralateral arm. To 
facilitate comparison of records drawn by the 
two plethysmographs, the conventional instru- 
ment was arranged to activate a simple digital 
plethysmographic transducer” as shown in Fig- 
ure 3. The detector was connected to an open- 
ended tube dipping into the water in the chim- 
ney to make the sensitive digital plethysmograph 
suitable for measuring changes in volume of the 
arm. The output from the two plethysmo- 
graphs can thus be compared easily. Several 
hundred pairs of determinations have been made 
on ten subjects under varying conditions, and the 
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Fic. 6. Tracings of changes in forearm volume after venous occlusion obtained with traditional 
water and segmental plethysmographic technics. Equal increases in muscle blood flow during 
reactive hyperemia are shown by both technics. Note that the “difference curve” showed no 
significant deviation from base line (zero) level in either the control or hyperemic flow determina- 
tion. Units of flow = cc. per 100 cc. of tissue per minute. 


blood flows as estimated by the two technics 
correspond fairly well. A plot of such data in 
a single subject is included in Figure 4. 

A more direct demonstration of the validity 
of the segmental measuring method and the ex- 
tent to which it corresponds with the water-filled 
system was made using the electric comparison 
system diagrammed in Figure 5. The two 
plethysmographic outputs are fed to a subtrac- 
tion circuit with all factors arranged to give zero 
output during bilateral venous occlusion in the 
control situation. With symmetrical changes 
in blood flow, there should be an increase or de- 
crease in the output of both the independent 
metering circuits; but the difference between 
them should remain zero. Measurements were 
made of the blood flow at rest, after equal periods 
of arterial occlusion of the two extremities and 
after the administration of vasodilator drugs. 
Output of the subtraction circuit showed mini- 
mal drift with blood flow changes from 4 to 20 


cc. per 100 cc. of tissue per minute, as demon- 
strated in Figure 6. 

The data presented establish the correspond- 
ence of the two systems and therefore demon- 
strate the applicability of the segmental plethys- 
mograph to the problem of measuring blood 
flow in the extremities. The ease with which 
the segmental plethysmographic cuff can be 
placed on the limb and the freedom from move- 
ment artifacts correspond to the advantages 
that have been so clearly set forth by Graf and 
Westersen’ and Dohn et al.® in their recent pa- 
pers. 


SUMMARY 


A simple, accurate method for the plethysmo- 
graphic measurement of blood flow in the ex- 
tremities of human subjects makes use of the 
“segmental plethysmograph,” which can be 
placed on moving subjects with recordings made 
immediately after movement. The system in- 
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volves an air-filled cuff which can be wrapped 
around any portion of the extremity, and a 
sensitive, balanced volume transducer which can 
be readily and accurately calibrated against a 
standard volume increment. Direct compari- 
sons of the present system and the classic water- 
filled plethysmograph yield satisfactory results. 
The chief advantages of the present technic are 
simplicity of application and adaptability to 
moving subjects. 
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Case Reports 


Metastatic Leiomyosarcoma of the Heart" 


H. RoseENnBLATT, M.D. and WiLLIAM P. FEATHERSTON, M.D. 


Jackson, Mississippi 


HILE general articles dealing with meta- 
pas tumors of the heart do list the uterus 
as being the primary site,!:+:5®:9-14.15 4 search of 
the indexed literature has failed to reveal any 
specific case report of cardiac invasion by meta- 
static uterine leiomyosarcoma. The present 
report concerns the clinical and pathologic find- 
ings in a patient with this disease. 


CasE REPORT 


A forty-two year old Negro woman entered the 
hospital on April 9, 1958, because of a hacking, non- 
productive cough and shortness of breath of two 
months’ duration. At first dyspnea was noted only on 
moderate exertion, such as walking rapidly; how- 
ever, it progressed until it was present even at rest one 
week before hospitalization and was associated with 
two pillow orthopnea. Since the first part of the year 
the patient had had occasional elevations in tempera- 
ture and had lost 50 pounds in body weight. 

The patient had undergone a total hysterectomy 
with bilateral salpingo-6ophorectomy in February 
1954 at another institution. At the time of hospital- 
ization for her terminal illness, the pathologic findings 
were not known. 

Physical Findings: On admission she was orthopneic 
and acutely, as well as chronically, ill. The neck 
veins were distended to the angles of the jaws at 30 
degrees. The pulse rate was 110 per minute. The 
blood pressure was 130/80 mm. Hg in both arms with- 
out evidence of pulsus paradoxicus. Crepitant 
inspiratory rales were present throughout both lung 
fields. Flatness to percussion was elicited over the 
bases of both lungs; tactile and vocal fremitus were 
decreased over these same areas. The heart was en- 
larged to the left. There was a protodiastolic gallop 
at the apex. A high-pitched, squeaky systolic mur- 
mur was present over the entire precordium, being 
best heard along the left sternal border and trans- 
mitted to the left axilla. A systolic thrill was felt over 
the apex. The second aortic sound was slightly 
diminished. The liver was palpable 4 fingerbreadths 


below the right costal margin, its edge being smooth 
and slightly tender. A hepatojugular reflux was 
present. 

A clinical diagnosis of rheumatic heart disease, 
aortic stenosis and mitral insufficiency with congestive 
heart failure was made. Subacute bacterial endo- 
carditis and disseminated lupus erythematosus were 
also considered. 

Radiographic and fluoroscopic examination of the chest 
revealed generalized marked cardiac enlargement and 
was suggestive of pericardial effusion (Fig. 1). An 
electrocardiogram showed sinus tachycardia (100 per 
minute) and low amplitude of all complexes. Uri- 
nalysis, blood chemistry determinations, hemogram 
and liver function tests were within normal limits. 
Blood cultures and L. E. cell preparations were nega- 
tive. 


Course: In spite of conventional treatment, in- 


Fic. 1. Posteroanterior view of chest demonstrating gen- 
eralized cardiac enlargement and pulmonary congestion. 


* From the Departments of Medicine and Pathology, St. Dominic’s Jackson Memorial Hospital, Jackson, Mississippi. 
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Fic. 2. Gross illustration of posterior surface of heart. 
Note bulging tumor mass above atrioventricular sulcus. 


tractable congestive heart failure persisted and the 
patient’s condition deteriorated rapidly. The mur- 
mur and thrill varied in intensity and at times com- 
pletely disappeared. On the second hospital day a 
pericardial friction rub was heard transiently and a 
pericardiocentesis was performed; however, no fluid 
was obtained. Recurrent transitory arrhythmias, 
including nodal tachycardia, paroxysmal atrial 
fibrillation and bigeminy, appeared and were attrib- 
uted to intolerance to digitalis. On the thirteenth 
hospital day sharp pains developed in the right side 
of the chest and the patient coughed up some bright 
red blood. She became febrile and stuporous and 
died in coma on the sixteenth hospital day. 
Postmortem Findings: At autopsy the heart weighed 
480 gm. A large, bulging, nodular, yellowish gray 
tumor mass, measuring 74 by 63 by 35 mm., was 


> 3 


Fic. 3. Gross view of heart. Gray-white papillary 
tumor is seen growing along surface of tricuspid valve. 


present along the posterior surface of the heart just 
above the atrioventricular sulcus (Fig. 2). On open- 
ing the right side of the heart a polypoid tumor, 
measuring 62 by 42 by 33 mm., was seen arising from 
the opening of the coronary sinus and extending 
downward through the tricuspid orifice for a distance 
of 26 mm. (Fig. 3). A similar tumor mass 16 by 18 by 
4 mm. was attached to the endocardium of the lateral 
margin of the right ventricle. A polypoid fungating 
mass similar to the two described, measuring 68 by 
52 by 56 mm., was found arising from the posterior 
wall of the left atrium. It extended through the 
mitral valve, All chambers of the heart were ex- 
tremely dilated and the entire myocardium presented 
a yellowish tan appearance. Mural thrombi were 
present in the atrial appendages. At the anterior 
margin of the inferior border of the upper lobe of the 


> 


Fic. 4. Photomicrograph of papillary tumor growth in right atrium. Original magnification X 75. 
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Fic. 5. Photomicrograph of metastatic tumor in wall of left atrium. Original magnification X 75. 


left lung an umbilicated, firm nodule measuring ap- 
proximately 32 mm. in diameter was found; a sim- 
ilar nodule was present in the anterior portion of the 
lingula. No tumor was found elsewhere. 

Microscopic examination of the left atrial appendage 
revealed the lumen filled with a laminated ante- 
mortem thrombus (Fig. 4). Around the periphery of 
the thrombus occasional tiny clusters of spindle- 
shaped malignant cells were seen. Sections of the 
tricuspid and mitral valves showed papillary growths 
composed of similar malignant cells arranged in 
whorls and interlacing strands with poorly demar- 
cated boundaries and sparse amounts of bright eosino- 
philic-staining cytoplasm. The nuclei varied greatly 
in size and shape, many being gigantic and hyper- 
chromatic. In rare cells longitudinal myofibrils were 
seen. Mitotic figures were observed occasionally. 
The central portions of many of the tumor areas 
showed massive necrosis. The nodules in the lung 
contained malignant cells similar to those described 
in the tumor tissue found in the heart (Fig. 5). Find- 
ings typical of pulmonary infarction were found in 
the lower lobe of the right lung. 

Review of the sections from the uterus made in 1954 
showed tumor tissue identical to that described herein. 

The final pathologic diagnosis was metastatic leiomyo- 
sarcoma of the heart and left lung. 


COMMENTS 


Cardiac involvement by metastatic malig- 
nancy is more common than it was once con- 
sidered; the incidence of such involvement 
ranges from 5 to 20 per cent of all patients dying 
of cancer.?:7"* Cancer of the breast, broncho- 
genic carcinoma, malignant melanoma and 
malignant lymphoma constitute the most fre- 


quent primary lesions;*:’ occasionally uterine 
and ovarian carcinomas metastasize to the 
heart.!:*-9-1.14 Jn some 2,600 instances of car- 
diac involvement by metastatic tumor in a 
group of 750,000 cases studied at the Armed 
Forces Institute of Pathology only six instances 
of cardiac metastases by uterine leiomyosarcoma 
were encountered.!¢ P 

Metastatic malignancy of the heart should 
be suspected in patients with known malignant 
disease in whom cardiac dysfunction develops, 
such as heart failure refractory to accepted 
therapy, arrhythmias, conduction defects, peri- 
cardial effusion, pericardial friction rub and 
roentgenographic evidence of unusual cardiac 
Electrocardiographic changes 
in patients with metastatic heart tumors are, 
for the most part, non-specific or entirely lacking.® 
Arrhythmias are not uncommon, being pre- 
dominantly of atrial origin and including 
premature contractions, flutter and fibrillation.*:” 

The mechanism of cardiac involvement by 
metastatic tumor cells includes four possible 
routes:* direct extension from the lungs or 
mediastinal structures, hematogenous dissemi- 
nation via the coronary arteries, implantation 
of tumor on to endocardial surfaces and lym- 
phatic spread via the tracheobronchial lymph 
nodes. 

The rarity of cardiac metastases from leio- 
myosarcoma of the uterus, along with the time 
interval between surgical removal of the pri- 
mary tumor and the appearance of congestive 
heart failure in this case, led us to give more 
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serious consideration to the more common 
types of acquired heart disease. The ar- 
rhythmias were probably due to myocardial in- 
vasion by tumor cells into the atrial muscle 
and the atrioventricular node in particular 
rather than to intolerance to digitalis. The 
changing murmurs, while not unusual in pro- 
liferating intracardiac mass lesions, in this 
case probably reflected progressive involvement 
of the mitral valve by the metastatic tumor. 
Of the possible routes for cardiac involvement 
by metastastic tumor cells, it would appear 
that in this case hematogenous dissemination 
via the coronary arteries occurred. 

It is unlikely that correct antemortem diag- 
nosis in our patient would have altered the 
treatment or outcome. However, in patients 
with other tumors appropriate therapy could 
offer varied benefits.* 


SUMMARY 


A clinicopathologic study of a patient with 
metastatic leiomyosarcoma involving the heart 
is presented. The primary tumor was found 
in the myometrium when the uterus was sur- 
gically removed three years prior to the onset 
of cardiac manifestations. The clinical course 
was dominated by severe cardiac enlargement, 
bizarre arrhythmias and intractable congestive 
heart failure, mimicking rheumatic heart dis- 
ease and digitalis intoxication. We have 
speculated upon the probable route of metasta- 
sis. 
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The Low Salt Syndrome 


An Extreme Example in Heart Failure” 


Mary Louis—E LAROTONDA, M.D. and WiLL1AM J. GRACE, M.D. 


sixty-seven year old white woman, known to have 
A rheumatic heart disease, was admitted to St. 
Vincent’s Hospital on January 28, 1958. Her chief 
complaint on admission was increasing shortness of 
breath, edema of the ankles and a spasmodic cough 
productive of yellow sputum, which had developed 
over a period of five days. She had been admitted on 
two previous occasions to the hospital because of 
severe congestive heart failure with left pleural effu- 
sion. In the interim, she had been treated in the out- 
patient department with digoxin and weekly mercu- 
rial injections. 

On admission to the hospital, physical examination 
revealed a thin, elderly woman, chronically ill and 
suffering from acute respiratory distress. The blood 
pressure was 128/78 mm. Hg; pulse 100 and irregu- 
lar, rate 42 per minute; the temperature was 103°F. 
Cyanosis of the lips and nailbeds was evident. There 
was some congestion in the pharynx and the neck 
veins were distended. Examination of the chest re- 
vealed dullness to percussion over the lower field of the 
left lung and coarse, moist rales above this area as well 
as in the base and axillary region of the right lung. 
The heart was enlarged to the anterior axillary line. 
A systolic thrill was palpated at the base where harsh 
systolic and diastolic murmurs were heard. The sec- 
ond sound was diminished at the aortic area and an 
apical systolic murmur was also noted. The cardiac 
rhythm was irregular. The liver was greatly enlarged 
to palpation but no other organs or masses were felt. 
There was 4-plus pitting edema of the ankles and 
legs. 

Laboratory data showed a hemoglobin of 11 gm.; 
white cell count 9,000 per cu. mm. with a normal dif- 
ferential; erythrocyte sedimentation rate 35 mm. per 
hour; blood urea nitrogen 19 mg per cent; sodium, 
122 mEq.; potassium, 5 mEq.; chloride, 96 mEq. 
Urinalysis was normal with specific gravity of 1.026. 
Roentgenogram of the chest revealed bilateral hilar 
congestion and a basal effusion of the left lung. 
Electrocardiogram showed atrial fibrillation and left 
ventricular preponderance. The sputum culture 
was reported as growing streptococci and non- 


New York. 


New York, New York 


* From the Departments of Medicine, St. Vincent’s Hospital, and New York University Medical School, New York, 


hemolytic Staphylococcus aureus, while the urine 
culture showed vast numbers of Bacillus proteus. 

The diagnosis on admission was rheumatic heart dis- 
ease, with aortic stenosis and aortic and mitral insuffi- 


ciency; atrial fibrillation, congestive heart failure, 
Class tv E, and probably bronchopneumonia. 


COURSE IN THE HOSPITAL 


The hospital course can be divided into three 
phases: 

Phase I: January 29 to February 11, 1958. The 
patient was placed at bedrest with continuous oxygen 
therapy. She was given alowsalt diet (0.5 gm. sodium 
chloride per day), mercurial diuretics and digoxin. 
The average fluid intake was 2,000 cc. perday. Her 
average output was about 1,000 cc. per day. The 
pleural effusion remained unchanged. The edema 
of the legs disappeared, but marked edema over the 
sacrum appeared. The patient became depressed, 
lethargic, anorexic and was frequently disoriented. 
A thoracentesis of 800 cc. of serous fluid was per- 
formed but the fluid rapidly reaccumulated. The 
clinical condition of her congestive heart failure did 
not change. 

Phase II: February 11 to February 14, 1958. Be- 
cause of the persistence of the apathy and disorienta- 
tion, a “low salt syndrome” was suspected. The 
values for her serum electrolytes were as follows: 
sodium 89 mEq., chloride 70 mEq., potassium 4.6 
mEq., and carbon dioxide 25 mEq., blood urea nitro- 
gen 11 mg. percent. The patient was given 3 gm. of 
sodium chloride daily for a total of 13 gm., and 500 
mg. Diamox® daily. During this period of time, 
her clinical condition deteriorated. She was disori- 
ented all the time, the edema became massive, and the 
patient appeared moribund. The total circulating 
plasma volume was calculated as 53 cc. per kilo 
(normal 40 cc. per kilo) by the radio chromium red 
cell method. 

Phase III: February 14 to February 21, 1958. 
Sodium chloride therapy was discontinued. The 
dose of Diamox was increased to 750 mg. per day, 
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HOSPITAL DAYS 


M=MERCURIAL DIURETIC 
= FLUID INTAKE 
= URINE OUTPUT 


Fic. 1. Serum sodium and chloride values, fluid intake 
and output and summary of daily therapy. 


ammonium chloride was given rectally and mercurial 
diuretics: were administered daily. Fluid intake was 
restricted to an average amount of 600 cc. or less. 
The urinary output continued at about 1,000 cc. per 
day. On this regimen the patient gradually became 
clear-headed, the edema began to disappear and the 
serum electrolytes approached normal values (Fig. 1). 


COMMENTS 


This case is a good illustration of how the 
diagnosis of “low salt syndrome’ was made 
improperly and consequently the patient was 
treated with sodium chloride. Actually, she 
was suffering from severe hemodilution second- 
ary to the expansion of the extracellular fluid 
space from sodium and water retention due to 
congestive heart failure. When water and 
salt were restricted and an effort was made to 
raise her chloride levels, she mobilized her 
edema fluid, and restoration of electrolyte 
balance was effected. The urinary output 
became as great or greater than the intake of 
water. With this “drying out process” her 
electrolyte level returned to almost normal. 
This regimen, used so successfully by Rubin 
and Braveman}? in the treatment of hypona- 
tremia secondary to protracted failure, proved 
to be effective in this case. 

Careful search of the literature indicates 
that this is the most extreme case of “low 
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sodium” reported in congestive heart failure. 
The fact that the serum levels returned to 
almost normal during dehydration and diuresis 
indicates that a salt depletion “low salt syn- 
drome”’ did not exist in this patient and that 
her body stores contained more than an ade- 
quate amount of sodium. The amount of 
sodium chloride administered was small and 
not sufficient to raise the serum sodium signifi- 
cantly; her condition deteriorated while re- 
ceiving it. The differentiation of low salt 
syndromes has been well analyzed and discussed 
by Danowski.* More recently, Vogl‘ reviewed 
the subject with special reference to congestive 
heart failure and outlined the modes of manage- 
ment in a clear and concise fashion. 


SUMMARY 


Hyponatremia in congestive heart disease is 
discussed and the case of a patient with severe 
heart failure showing a serum sodium of 89 
mEq. per L. is reported. This value returned 
to near normal levels with fluid restriction and 
diuresis. This case re-emphasizes that the 
‘low salt syndrome”’ or hyponatremia of hemo- 
dilution is part of the clinical picture of con- 
gestive heart failure. Salt replacement is 
contraindicated. The serum sodium level re- 
turns to normal when vigorous treatment is 
directed to the heart failure and the mobiliza- 
tion of edema fluid. Administration of sodium 
chloride to correct the chemical “abnormality” 
may cause deterioration of the patient’s condi- 
tion. 
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An Unusual Congenital Heart Anomaly 


Tricuspid Atresia, Aortic Atresia and Juxtaposition 


of Atrial Appendages* 


StyLiAnos G. FRAGOYANNIS, M.D. and DONALD NICKERSON, M.D. 


Caracas, Venezuela 


A unusual congenital heart anomaly of 
the cyanotic type is reported, combining 
tricuspid atresia and aortic atresia with juxta- 
position of the auricular appendages. 


CasE REPORT 


A twenty-seven year old woman delivered a full 
term female infant who showed spontaneous respira- 
tions and good color. There were no external con- 
genital malformations. 

This patient’s three previous pregnancies resulted 
in normal deliveries with children who are apparently 
in good health. It is reported that during the first 
trimester of her last pregnancy all the children 
acquired rubella. 

During the first twenty-four hours, increasing 
cyanosis developed progressively with dusky color and 
labored respirations. ‘The cyanosis involved both the 
lips and nailbeds. The respirations progressively 
increased in rate (up to 112) and a grade 2 systolic 
murmur was heard in the lower left axillary region. 
The second sound was narrowly split and maximal 
over the lower left sternal border. 

The x-ray film of the chest demonstrated marked 
generalized cardiac enlargement (Fig. 1). The elec- 
trocardiogram showed a rate of 160 with a normal 
sinus rhythm. ‘There were tall R waves in the right- 
sided precordial leads, suggesting right ventricular 
preponderance (Fig. 2). The infant’s condition 
deteriorated, terminating in death within fifty-three 
hours after birth. 


POSTMORTEM EXAMINATION 


The positive findings were confined to the medi- 
astinum. The heart with the aortic arch weighed 23 
gm. When viewed in situ, it displayed a round shape 
with a somewhat straight right border. Its trans- 
verse diameter was 4.5 cm. 

Aorta: The aorta seemed to arise from the upper 
edge of the right border as a thin, slender tube, 
exhibiting an exceedingly narrow lumen (Fig. 3). 
When opened, the lumen displayed a _ bulbous 


Salem, Massachusetts 


dilatation at its origin which was arising from a blind 
point in the ventricular wall. The cusps of the aortic 
valve consisted of thin invaginations of the aortic 
intima (Fig. 4). At this point, the diameter of the 
wall of the aorta measured up to 0.5 cm. whereas the 
portion distal to it and up to the point of the in- 
nominate artery became much narrower, not exceed- 
ing 0.2 cm. in diameter. Thereafter, it became 
wider until the point of insertion of the ductus 
arteriosus where it attained a caliber of 0.6 cm. (Fig. 
3). The orifices of the coronary arteries arose from 
the wall of the ascending aorta 0.3 cm. distal to the 
base of the bulb-like dilated portion of the lumen 
with the os of the right coronary artery lying slightly 
higher. 

Atria: The right atrial appendage appeared con- 


Fic. 1. Marked 


Roentgenogram in anteroposterior view. 
enlargement of the heart with dilatation of the right 
auricular appendage gives a balloon appearance occupy- 


ing a large portion of the thorax. Note the accompany- 


ing marked pulmonary congestion. 


* From the Department of Pathology, Salem Hospital, Salem, Massachusetts. 
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Unusual Congenital Heart Anomaly 679 

LA Ve 
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Fic. 2. Electrocardiogram. The record is suggestive of right ventricular preponderance, as indicated 
by the tall R waves in the right-sided precordial leads. 


Fic. 3. Anterior view of the heart. The right atrial ap- 
pendage (R.A.) is to the left of the pulmonary artery 
and beside the left atrial appendage (L.A.) which is 
seen in the outer right of the picture overlying part of the 
ventricle. The aorta (A) is very narrow in the first part 
(0.1 cm.) and is seen originating from the upper right 
external border of the ventricle from a wider but blind 
portion which represents a primitive left ventricle. 


gested, dilated and lay to the left of the pulmonary 
artery between it and the left atrial appendage 
(Fig. 3). When collapsed, the right and left atrial 
appendages measured in transverse diameter 2 cm. 
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Fic. 4. Close view of the first part of the opened aorta. The 
intimal invaginations, representing primordial aortic 
valves, are visualized. The ostium of the right coronary 
artery can be seen arising from the aortic wall and 
slightly above the mentioned valve. 


and 1 cm., respectively. The right atrium lay 
posterior to the pulmonary artery and revealed no 
tricuspid orifice. 

Tricuspid Valve: At the expected site of the tri- 
cuspid valve on the floor of the right atrium, a thin, 
small fibrous strand was found, beneath which a 
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Fic. 5. Superior close view of the right auricle. The tri- 
cuspid valve (T.V.) is atretic. The coronary sinus 
(C.S.) is normally present. The inferior vena cava 
(I.V.C.) has been opened in order that the atrium will 
be revealed more easily. Chiari’s network (C.N.) 
connects the two opposite walls of the atrium. 


shallow dimpling of the wa!l appeared to represent 
the atrioventricular septum. No tricuspid orifice 
could be demonstrated. The venae cavae and the 
coronary sinus were present (Fig. 5). The only out- 
let from the right atrium appeared to be a widely 
patent foramen ovale partly blocked by a saccular, 
aneurysmal fossa ovalis bulging into the left auricle. 
Slightly to the right of this interatrial septum and 
parallel to its free upper margin, there was a fenes- 
trated fibrous band attached to the opposite side of 
the right atrium (Fig. 6). The four pulmonary 
veins entered the left atrium. 

Ventricles: The mitral valve divided the left atrium 
from a single, enlarged ventricle, exhibiting a 
markedly hypertrophied myocardium measuring up 
to 0.9 cm. in thickness. The pulmonary conus and 
pulmonary artery were quite large, up to 0.9 cm. in 
diameter, and appeared to carry the cardiac outflow 
towards a patent ductus arteriosus. This was 
attached at the junction of the aortic arch and 
descending aorta (Fig. 7). 


COMMENTS 


In interpreting the anatomical findings, it is 
suggested that in the left atrium there was a 
mixture of venous and arterial blood coming 
from the pulmonary veins and right atrium. 


Fic. 6. Another view of the foramen ovale (F.O.), bulging 
into the left atrium. The probe shows the outflow of the 
blood stream through the Chiari’s band and foramen 
ovale. 


Fic. 7. Anterior view of the opened heart. There is a single 
ventricle with a markedly hypertrophied wall. The 
pulmonary conus and artery are disproportionally 
dilated (0.9 cm.). There is a wider patent ductus 
arteriosus (P.A.). 
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Unusual Congenital Heart Anomaly 681 

4th ieee appendage to the left of the pulmonary artery 

20d Week 30d Week has been reported in sixteen other cases and 
Arter Vie Lael Ve has been called “levoposition” or “‘juxtaposi- 

tion.”? It is due to failure of the single atrium 

to expand laterally when it is constricted be- 

tween the gut and bulbus (Fig. 8). This 

probably is due to a simultaneous abnormal 

Primitive Heart Fusion {Lian Tea division of the bulbus' with the gradual increase 
Tubes 2. Primitive Ventricles in size of the right ventricle and pulmonary 
3. Atrium artery. Furthermore, the rapidly expanding 

4. Sinus Venous right atrium may cause the levoposition of the 

6th Week 7th- gth Week atrial appendage, as an inevitable mechanical 


Normal Levoposition of 
Atrial Appendages 


Fic. 8. Embryonic development of the heart. This illustra- 
tion shows the failure of the atrium to expand normally 
at the seventh to eighth week of the embryonic life, and 
both auricular appendages overriding the upper border 
of the heart to the left of the common truncus. 


This increased its volume to almost double its 
capacity with resultant pulmonary congestion 
and increased outflow through the mitral orifice 
into a single ventricle. The left ventricle and 
aortic valve were hypoplastic and had never 
functioned due to their lack of communication 
with the right or single ventricle. This resulted 
in a rudimentary left ventricle with primordial 
aortic cusps of a six- to seven-week embryo.! 
The division of the truncus arteriosus at an 
abnormal level of the embryonic common trunk 
lying much to the right of the midline seems to 
be the cause of the narrow lumen of the as- 
cending aorta and the dilated pulmonary truncus, 
with a resulting hypoplastic, non-functioning 
left ventricle. Transposition of the right atrial 
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outlet. A preceding cephalic shift of the atrium 
might have been an additional predisposing 
factor. 

The fibrous interanastomosing strands found 
in the right atrium assume no pathological 
significance and have been reported as an inci- 
dental finding under the name of “Chiari’s 
network.””® 


SUMMARY 


In a newborn female infant an unusual 
congenital heart anomaly was observed with 
no typical physical or laboratory signs that 
would justify a diagnosis of the usual patterns. 
The life of the infant extended only two days, 
and an autopsy was carried out. Tricuspid 
atresia, aortic atresia and juxtaposition of the 
auricular appendages were the major post- 
mortem findings. The pathophysiology and 
embryology of the case are also briefly dis- 
cussed. 
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Conversion of Atrial Fibrillation to Atrial 
Flutter As a Manifestation of 
Digitalis Toxicity” 


ALBERT N. Brest, m.p., N. G. DurGE, M.p. and HARRY GOLDBERG, M.D. 


Philadelphia, Pennsylvania 


IGITALIS toxicity may cause a variety of 

cardiac arrhythmias, the most frequent 
of which are ventricular in origin. Coupled 
ventricular beats (bigeminal rhythm) are espe- 
cially common with digitalis overdosage and ven- 
tricular tachycardia may ultimately ensue. Less 
common manifestations of digitalis toxicity are 
the atrial arrhythmias of which atrial tachy- 
cardia with block is the most characteristic. 
Atrial flutter and atrial fibrillation are consider- 
ably less frequent. 

Sixteen cases of atrial flutter secondary to 
digitalis toxicity have been reported.'! In most 
instances the atrial flutter was preceded by a 
normal sinus rhythm. A much less frequent 
sequence is the conversion of atrial fibrillation 
to atrial flutter as a manifestation of digitalis 
overdosage. It is the purpose of this report to 
describe such an instance and to discuss the pos- 
sible mechanisms involved. 


CasE REPORT 


J. B., a thirty-two year old white woman, had 
a mitral commissurotomy performed for rheumatic 
mitral stenosis six months prior to admission. : 
though temporarily improved, dyspnea, fatigue, chest 
pain and edema of the ankles subsequently recurred. 
Her cardiac rhythm during this interval was atrial 
fibrillation (Fig. 1). One week prior to admission she 
had increasing nausea and vomiting, and the digitalis 
which she had been receiving daily was discontinued. 

Physical examination revealed a chronically ill, white 
woman who appeared severely dyspneic. Distention 
of the neck veins was prominent bilaterally. Exam- 
ination of the lungs revealed marked dullness to per- 
cussion over the lower lobe of the right lung and ab- 
sence of breath sounds in the same area. The heart 
rate was 120 per minute, and the rhythm was regular. 
A loud blowing systolic apical murmur was well 
transmitted to the left axilla, and a rumbling diastolic 


apical murmur was also heard. The mitral first sound 
was normal; the pulmonic second sound was ac- 
centuated. The liver edge was palpable at the level 
of the umbilicus. One-plus peripheral edema was 
present bilaterally. 
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Fic. 1. The basic cardiac rhythm in this patient after 
surgery was atrial fibrillation. 


* From the Hahnemann Medical College and Hospital, Philadelphia, Pennsylvania. 
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Atrial Flutter and Digitalis Toxicity 


Fic. 2. 
Wenckebach phenomenon caused a 
rhythm. 


Atrial flutter with partial heart block and 
pseudobigeminal] 


The electrocardiogram taken on admission revealed 
atrial flutter with a 2: 1 A-V block; the atrial rate was 
240 per minute. The chest roentgenogram confirmed 
the presence of a right pleural effusion and pulmonary 
vascular congestion. Serum sodium was 141 mEq./ 
L.; potassium 5.3 mEq./L.; carbon dioxide 18.2 
mEq./L.; and chlorides 88 mEq./L. 

Treatment: The administration of digitalis was 
withheld for four days because of suspected digitalis 
toxicity. However, the atrial flutter with 2: 1 block 
persisted and it was decided to redigitalize the patient 
with Cedilanid® because of the rapid ventricular rate. 
On the fifth hospital day, the electrocardiogram re- 
vealed atrial flutter with varying degrees of block 
(Fig. 2), and the patient had increasing nausea and 
vomiting. On the seventh hospital day, potassium 
chloride (2 gm. administered four times a day) was 
given orally. The atrial flutter continued and on the 
following day 40 mEq. potassium chloride in 5 per 
cent glucose solution was infused intravenously over a 
four-hour period. During the infusion the atrial 
flutter converted to atrial fibrillation; the nausea and 
vomiting disappeared entirely during the subsequent 
twenty-four hours. Thereafter the patient was treated 
with oral potassium. On the twelfth hospital day 
digoxin therapy was begun (0.25 mg. given daily) and 
the atrial fibrillation continued with a well controlled 
ventricular rate. 


COMMENTS 


Although atrial tachycardia with block is a 
not infrequent manifestation of digitalis toxicity, 
paroxysmal atrial flutter due to digitalis over- 
dosage is quite uncommon. Currently it is 
believed that atrial tachycardia is most probably 
caused by the discharge of repetitive impulses 
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from a single ectopic atrial focus. If we assume 
the latter theory to be correct, then an accelera- 
tion of this ectopic discharge could result in 
atrial flutter. Paroxysmal atrial tachycardia 
with block actually appears to be a hybrid form 
of atrial tachycardia and atrial flutter in which 
the atrial rate has progressed to a speed at which 
physiologic atrioventricular block must super- 
vene. At present there is no adequate explana- 
tion why atrial flutter should be a less common 
manifestation of digitalis toxicity than atrial 
tachycardia. 

Mechanisms of Atrial Flutter Due to Digitalis 
Toxicity: It is not difficult to conceive the 
initiation of an ectopic atrial pacemaker due to 
digitalis with the subsequent conversion of 
normal sinus rhythm to atrial tachycardia or 
even atrial flutter. However it is much harder 
to account for the conversion of atrial fibrillation 
to atrial flutter as a manifestation of digitalis 
toxicity. Nevertheless, there are two possible 
mechanisms which could explain the latter 
sequence of events. First, it is conceivable that 
large doses of digitalis (with its known myo- 
cardial depressant action) may cause a slowing 
of the ectopic atrial discharge with the subse- 
quent conversion of atrial fibrillation to atrial 
flutter. Also, it is possible that the digitalis 
might convert the atrial fibrillation to normal 
sinus rhythm and that a new ectopic atrial focus 
might subsequently become established with the 
continued use of the drug. 

Although neither of these two explanations has 
been established, there are certain clinical find- 
ings which are consistent with the latter pre- 
sumption. Lown and Levine? described fifteen 
patients with paroxysmal atrial tachycardia 
with block due to digitalis toxicity in whom atrial 
fibrillation had been the previously established 
cardiac rhythm. In each instance in which the 
original rhythm was re-established with the use 
of potassium salts or procaine amide, a tem- 
porary normal sinus rhythm resulted prior to 
the reappearance of the atrial fibrillation. The 
normal sinus rhythm which temporarily super- 
vened sometimes persisted for a day or even two; 
and it is of interest that the temporary conversion 
from atrial tachycardia with block to normal 
sinus rhythm and, ultimately, atrial fibrillation 
was occasionally observed in patients with ad- 
vanced cardiac decompensation, huge hearts, 
and even long standing atrial fibrillation. 

Criteria for Attributing Atrial Flutter to Digitalis 
Toxicity: According to Coffman,' authentic 
cases of atrial flutter due to digitalis should 
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meet the following criteria: (1) the arrhythmia 
should develop while the patient is taking 
digitalis; (2) the patient should not be taking 
any other drug known to cause cardiac arrhy- 
thmias; and (3) the abnormal rhythm should 
disappear when the ingestion of digitalis is 
discontinued. The present case satisfies these 
criteria; and, in addition, the conversion was 
obviously facilitated by the intravenous admin- 
istration of potassium. Finally, the presence of 
Wenckebach phenomenon observed during the 
period of atrial flutter further suggests digitalis 
toxicity as the offending mechanism in the pres- 
ent case. 


SUMMARY 


A patient in whom atrial fibrillation was con- 
verted to atrial flutter as a manifestation of 
digitalis toxicity is described. The withdrawal 
of digitalis and the intravenous administration 
of potassium facilitated the re-establishment of 
the original rhythm. 
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Patent Ductus Arteriosus in a Patient 


Surviving to Seventy-Four Years" 


Louts FIsHMAN, M.D. 


Hightstown, New Jersey 


HAVEZ et al.,! in a review of over 28,000 
€; reports on cardiac patients, including 200 
with patent ductus arteriosus, found none 
over fifty-five years of age and only one over 
fifty. This is in agreement with other reports 
alleging the rarity of this anomaly in the aged.?—* 
In the case to be reported, a diagnosis of patent 
ductus was made inaseventy-one year old woman 
who lived to her seventy-fifth year, at which time 
the clinical impression was confirmed at nec- 


ropsy. 
CAsE REPORT 


The patient had been known to have a cardiac 
condition since she was three years old, when she 
allegedly received her first dose of digitalis. She had 
never been cyanotic, edematous or severely decom- 
pensated, except for mild left ventricular failure in 
recent years which had been controlled by the 
administration of digitalis. 

Physical examination showed a seventy-one year 
old, well developed, white woman in no distress. 


Fic. 1. Roentgenograms of the chest. 


* From Princeton Hospital, Princeton, New Jersey. 
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Her respiratory rate was 22 per minute and her blood 
pressure 180/80 mm. Hg. There was grade 1 
sclerosis of the retinal arterioles and absent dorsalis 
pedis and posterior tibial pulses; the remaining 
peripheral pulses were equal and palpable. There 
was bilateral palmar erythema. Rales were limited 
to the posterior base of the right lung, the remainder 
of the lung fields being clear. 

There was a regular sinus rhythm with occasional 
premature contractions. The point of maximal 
apical impulse was in the fifth left intercostal space, 
just beyond the mid-clavicular line. A harsh systolic 
murmur was heard at the base, equally at the 
pulmonic and aortic areas, with a well preserved 
second aortic sound. There was a late systolic 
accentuation of this murmur, which was continuous 
with a diastolic murmur at the base associated with a 
snapping second pulmonic sound. The systolic 
and diastolic murmurs were of greatest intensity 
at the pulmonic area, although the systolic component 
was transmitted down the left sternal border to the 
mitral area. There was no thrill and no presystolic 
apical murmur. 


A, February 25, 1954. B, October 25, 1956. 
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Fic. 2. Electrocardiogram taken 
1956, showing auricular fibrillation with evidence of left 
ventricular hypertrophy and digitalis effect. 


There was a leukopenia of 2,600 to 3,800, with a 
normal differential while she was receiving quinidine; 
when administration of the drug was discontinued, 
her white blood count rose. The chest roentgenogram 


Fic. 3. View of base of heart showing right ventricle 
and open pulmonary artery. Descending limb of 
aortic arch is laid back over heart to show applicator 
stick through ductus arteriosus with aortic and pul- 
monary openings. 


(Fig. 1) revealed a calcified aortic arch with fullness 
at the pulmonary artery segment, a slightly enlarged 
left ventricle and increased pulmonary markings. 
The ¢electrocardiogram demonstrated a regular sinus 
rhythm with an occasional premature nodal contrac- 
tion. There were large, broad P waves, particularly 
in leads n and m, and changes in the ventricular 
deflections suggesting left ventricular hypertrophy 
with digitalis effect. A later record showed auricular 
fibrillation (Fig. 2). 

Following this examination, the patient was 
readmitted to the Princeton Hospital for treatment 
of congestive heart failure and an infection of the 
upper respiratory tract. Her terminal episode took 
place on February 15, 1957, when she was admitted 
with severe abdominal pain followed by intestinal 
obstruction; this was complicated by congestive 
heart failure and resulted in her death at the age of 
seventy-four. 


Autopsy REPorT* 


Respiratory System: Bilateral soft pleural adhesions 
were found involving the lower lobes laterally and 
posteriorly. ‘The major bronchi were filled with 
a frothy exudate. The left lung weighed 550 gm., 
the right lung 660 gm. Both lungs were heavy with 
fluid. Microscopic Diagnosis: Chronic congestion and 
pulmonary edema. There were alternating patches 
of dilated and collapsed alveoli; many alveoli 


* Autopsy performed by Dr. Margaret Collins. 
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Patent Ductus Arteriosus 


Fic. 4. 
Note calcific sclerotic plaque around aortic opening. 


Fic. 5. 
pulmonary opening of ductus arteriosus. 


contained hemosiderin-filled phagocytes. The me- 
dium-sized and small arteries in some instances 
showed thickenings of the walls by intimal fibrous 
tissue proliferation. Most of the vessels showed no 
change. 

Cardiovascular System: The pericardial space was 
obliterated by fusion of the visceral and parietal 
pericardium. The heart weighed 630 gm. Coronal 
sections showed a marked concentric hypertrophy 
of the left ventricle with the wall measuring 2.5 cm. 
in thickness, A small area of scarring was found at 
the posterolateral angle of the left ventricle on the 
endocardial wall. This lesion was located 3 cm. 
above the apex of the heart. The mitral valve showed 
fusion of the leaflets and a nodular, calcified lesion 
on the atrial surface. The ventricular surface 
showed a rigid calcified shelf with the tips of the 
valve leaflets turned under. Both coronary arteries 
showed calcified walls. The circumflex branch of the 
left coronary showed a reduction in the diameter of 
the lumen. Microscopic Diagnosis: Focal myosclerosis 
and myonecrosis; myocardial hypertrophy. 

The aorta showed advanced ulcerative athero- 
sclerosis throughout its length. The ductus arteriosus 
was present and patent (Figures 3, 4 and 5). The 
aortic ostium showed sclerosis and nodular cal- 
cification with partial obstruction of the lumen. 
The pulmonary ostium was free of sclerotic change 
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(Left) Descending limb of aortic arch viewed from above. 
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Applicator stick is in opening of ductus arteriosus. 


(Right) View of left border of heart with pulmonary artery opened longitudinally. Applicator stick is in 


and had a lumen diameter of 0:5 cm. The ostia of 
all the aortic branches showed marked proliferative 
atherosclerotic changes. There was a_ partially 
organized thrombus in the aortic lumen just below 
the diaphragm. This thrombus involved the ostia 
of the celiac and superior mesenteric arteries and 
extended to, but did not occlude, the renal arteries. 
The primary branches of the celiac artery showed 
medial sclerosis with marked reduction in the lumen. 
The portal vein was patent and free of thrombi. 
The renal arteries showed sclerotic change limited to 
the first centimeter of their length. 

Gastrointestinal System: The stomach was markedly 
dilated and showed patchy areas of hemorrhagic 
necrosis of the mucosa. The intestinal tract through- 
out its length was frankly gangrenous. The /iver 
weighed 1,210 gm. The surface showed large, 
irregular, patchy areas of a subcapsular hemorrhage. 
The cut section was dusky and cyanotic. Micro- 
scopic diagnosis: Acute diffuse edema; portal fibrosis. 
The spleen weighed 210 gm. Section revealed a 
large area of recent infarction in each pole with an 
area of relatively normal spleen between. The 
pancreas was normal on both gross and microscopic 
examination. The mesentery was free of thrombi 
and the cut peripheral vessels showed stasis of blood. 

Conclusions: It was concluded that this patient 
had a persistent, functioning patent ductus arteriosus, 
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associated with arteriosclerotic heart disease. Her 
terminal events were those of intermittent mesenteric 
ischemia resulting in a gangrenous bowel. 


COMMENTS 


Since the report of two such cases in 1951? 
(one confirmed at autopsy), no others have been 
reported, attesting to the rarity of this lesion in 
this age group. However, it must be considered 
that this defect may be overlooked in routine 
autopsy procedures. 

It is open to speculation whether surgery 
would have altered this patient’s prognosis had 
the correct diagnosis been made in the past 
twenty years. There is no question of the 
success of surgical correction in improving the 
prognosis of patent ductus in children and young 
adults.’ Is there an age group that would not 
benefit by cardiac surgery? Perhaps such a 
group does exist and could simply be treated 
with prophylaxis against subacute bacterial 
endocarditis. Cosh* reports follow-up into 
adulthood of unligated subjects attesting to “‘the 
general well-being of the adult patients, the 
occurrence of pregnancies and _ childbirths 
(twenty-three times) without complication,” 
and even “occasional apparent spontaneous 
closure of the ductus in early adult life.’ He 
concluded that the asymptomatic adults need 
not undergo surgery provided that care is taken 
to prevent bacterial endocarditis. 

Thus, this question can only be answered by 
the careful reporting of all cases and the careful 
analysis of such data as exact clinical and labo- 
ratory status and exact causes of death. Once 


normal growth and development have occurred, 
the remaining purpose of ligation is the pre- 
vention of bacterial endocarditis and cardiac 
decompensation. This case and the others 
referred to* may prove that it is more than 
academic to ascertain physiologic measure- 
ments in adults with patent ductus in deciding 
on the possible benefit from surgery. 


SUMMARY 


A case of persistent patent ductus arteriosus 
in a seventy-four year old woman in whom the 
clinical diagnosis was confirmed at autopsy is 
reported. 
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Congenital Absence of the Aortic Arch 
Associated with Patent Ductus Arteriosus 
and Ventricular Septal Defect’ 


Burton S. TABAKIN, M.D. and JoHN S. HANSON, M.D. 


Burlington, Vermont 


Pee congenital absence of the aortic 
arch has been recorded less than thirty 
times in the world literature, there has been an 
apparent increase in the frequency with which 
this defect has been recognized in recent years. 
This anomaly has reportedly never been diag- 
nosed accurately without thoracotomy or, more 
frequently, autopsy. In view of the potential 
reparability of the defect, it is considered worth- 
while to report the following case which points 
out the need for complete diagnostic studies in 
infants with suspected congenital cardiac disease. 


CasE REPORT 


S. L. K., an eleven week old white female infant, 
was admitted to the hospital on October 19, 1959. 
A cardiac murmur had been discovered by the family 
physician directly after birth. Otherwise, the baby 
seemed to be perfectly well for the first two months of 
life, although she failed to gain in weight or size. 
Five days prior to admission, there was a rise in 
temperature and the infant was treated with peni- 
cillin. Two days later, a local physician diagnosed 
pneumonia and cardiac failure. At this point 
digitalization was carried out with digoxin. Because 
the infant’s condition did not seem to improve, she 
was transferred to this center. 

Past history revealed that the mother’s pregnancy 
had been complicated throughout by moderate to 
severe vomiting as well as by a fall downstairs during 
the second month of gestation. During the fifth 
month of pregnancy, an undiagnosed illness occurred 
which was characterized by fever only. 

The infant weighed 5 pounds and 15 ounces at 
birth; a normal spontaneous delivery was effected 
after five hours of labor. Following delivery, the 
baby had been placed in an incubator for five days 
“because of a feeding problem.” According to 
the mother, the baby had always eaten normally, 
although she weighed only 7 pounds and 4 ounces at 


ten weeks of age. Cyanosis had never been noted, 
not even when the baby was crying or straining. 
Motor development seemed adequate; the baby 
was active and able to hold her head up; she reacted 
to stimuli and smiled easily. 

Physical Examination. The infant’s weight, length 
and head circumference were below the third 
percentile for her age group. Her temperature was 
101°F., pulse 150, respirations 30 and blood pressure, 
110/0 mm. Hg in the arm by cuff method. By 
flush method, blood pressure was 90 mm. Hg systolic. 
No definite cyanosis was present, but the patient’s 
skin was definitely pallid and had a decided grayish 
cast. Positive physical findings included moist, 
inspiratory rales at bases of both lungs posteriorly. 
A grade 4 pansystolic murmur was heard over the 
entire precordium with maximal intensity in the 
fourth left intercostal space and toward the apex. 
The murmur was of medium pitch and had a blowing 
character. There was an associated thrill over the 
lower left side of the precordium. The second cardiac 
sound over the pulmonic area was accentuated. 
The liver edge was palpable 2 cm. below the right 
costal margin. 

Laboratory Data: The hemoglobin was 13.6 gm., 
white blood cells 23,000 with 58 per cent poly- 
morphonuclears, 3 per cent stabforms and thirty-two 
lymphocytes. Urinalysis on admission showed a 
1-plus proteinuria. 

X-ray examination on admission showed the heart 
to be markedly enlarged (Fig. 1) with right ven- 
tricular and probably left ventricular hypertrophy 
present. Pulmonary vasculature was markedly 
engorged. On fluoroscopy and lateral and oblique 
chest films, there was questionable left atrial enlarge- 
ment. 

The electrocardiogram was interpreted as showing 
right ventricular hypertrophy, digitalis effect and 
large, peaked P waves in leads 1, 1, aVF and V¢. 

Course: The clinical diagnoses at the time of 
admission to the hospital were ventricular septal 


* From the Cardiopulmonary Laboratory of the University of Vermont College of Medicine and the Mary Fletcher 
P ary ege 


Hospital, Burlington, Vermont. 
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Fic. 1. 


Posteroanterior roentgenogram taken on day 
of admission to hospital shows marked cardiac enlarge- 
ment and congested lung fields. 


defect and/or patent ductus arteriosus complicated 
by congestive cardiac failure. Digitalis therapy was 
actively pursued and Chloromycetin was instituted 
to combat any possible pneumonitis. The patient’s 
temperature fell to normal levels on the night of 
admission. She was taking her formula well and 
sleeping normally. Over the next few days, repeated 
examinations failed to disclose any overt cyanosis, 
although the skin color remained pallid. Cardiac 
catheterization was performed nine days following 
admission after adequate digitalization had been 
achieved. 

Cardiac Catheterization: A No. 5 cardiac catheter 
was introduced without difficulty through a left 
saphenous vein. The right atrium, right ventricle 
and main pulmonary artery were entered without 
difficulty. A left superior vena cava was entered 
from the right atrium. In addition, the catheter 
passed across a patent ductus arteriosus on numerous 
occasions and entered the descending thoracic 
aorta (Fig. 2), easily reaching a level well below 
the diaphragm. Blood samples from the aorta, the 
area of the ductus, the main pulmonary artery and 
the outflow tract of the right ventricle all showed 
oxygen saturations which were practically identical. 
Numerous samples taken in the right ventricle were 
also indicative of a left-to-right shunt at the ven- 
tricular level. 

Pressure recordings revealed a moderate right 
ventricular hypertension of 50/2 mm. Hg, the systolic 
pressure being identical in the main pulmonary 


Fic. 2. Spot film taken during right heart catheteriza- 
tion. Catheter passage through patent ductus and into 
descending thoracic aorta is demonstrated. 


artery. Pressure in the right atrium was normal. 
On repeated passage of the catheter through the 
patent ductus arteriosus, pressure tracings were 
obtained from the aorta in the range of 33/19 mm. 
Hg. It was believed at the time that these curves 
actually represented damping of a normal arterial 
tracing due to the acute angling of the catheter 
during its passage through the ductus. 

Further analysis of blood samples from the aorta 
revealed only 93 per cent oxyhemoglobin saturation 
despite the fact that the patient was receiving an 
anesthesia mixture of Fluothane® in 100 per cent 
oxygen. This seemed to indicate that there was, at 
least during the catheterization procedure, shunting 
of blood from right to left, either at the level of the 
ductus or through a ventricular septal defect. 

Diagnoses following catheterization were ven- 
tricular septal defect and patent ductus arteriosus 
with right-to-left shunting through either the ven- 
tricular defect or the ductus. In view of the catheter 
passage through a patent ductus, angiocardiography 
was not thought to be needed or indicated. 

Course Following Catheterizition: Although catheter- 
ization was well tolerated, twenty-eight hours after 
the procedure the patient’s temperature suddenly 
rose to 102°F. and respirations became labored. 
A white blood count at this point showed 19,300 
white cells per cu. mm. with 49 per cent poly- 
morphonuclears and 51 per cent lymphocytes. A 
chest film taken on the evening of the temperature 
spike showed little, if any, over-all change in the 
appearance of the lungs since the original chest 
film. No specific zone of pneumonic infiltration 
could be outlined. Blood cultures drawn at the 
same time were negative. 

The following morning respirations had increased 
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Fic. 3A: Autopsy specimen demonstrating absence of 


the aortic arch MPA = main pulmonary artery. 
PDA = patent ductus arteriosus. AA = ascending 
aorta. DA = descending aorta. SA = subclavian 
arteries. 


to 72 per minute and were of a gasping character. 
There was frank cyanosis. The patient was placed 
in a croupette with oxygen therapy. The temper- 
ature steadily increased to over 105°F. despite 
antibiotic therapy and nineteen hours after the onset 
of fever the patient died in extreme respiratory dis- 
tress. 

Autopsy Findings: The heart weighed 53 gm. (nor- 
mal for the patient’s body weight: 15 to 20 gm.). 
There was dilatation of all cardiac chambers, 
especially the right ventricle. An exceptionally large 
main pulmonary artery originated in the right ven- 
tricle and gave rise to the right and left pulmonary 
arteries. A large patent ductus arteriosus connected 
the pulmonary artery with the descending thoracic 
aorta (Fig. 3A). The right and left subclavian 
arteries originated in the first part of the descending 
aorta. 

A small, hypoplastic aorta arose from the left ven- 
tricle directly over a high interventricular septal 
defect measuring 0.75 cm. in diameter (Fig. 4). This 
vessel terminated as the right and left common 
carotid arteries. Also noted was a left superior vena 
cava emptying into the right atrium. There was 
gross pulmonary congestion and edema with intra- 
alveolar hemorrhage and petechiae. The liver was 
moderately enlarged, weighing 100 gm. 
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representation of hemo- 
dynamics. R.V. = right ventricle. 


Fic. 3B. Diagrammatic 


tricle. R.A. = right atrium. L.A. = left atrium. 


M.P.A. = main pulmonary artery. L.P.A. = left 
pulmonary artery. R.P.A. = right pulmonary artery. 
R.S.A. = right subclavian artery. L.S.A. = left sub- 
clavian artery. R.C.C. = right common carotid. 
L.C.C. = left common carotid. A.A. = ascending 
aorta. D.A. = descending aorta. 


Fic. 4. Large, high interventricular septal defect indi- 
cated by probe at autopsy. 
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CoMMENTS 

It has been suggested by Everts-Suarez and 
Carson! that the association of defects involving 
absence of the aortic isthmus, patent ductus 
arteriosus and interventricular septal defect 
be considered a trilogy. In their review of the 
literature they found twelve such cases. In 
addition to these and their own case, seven addi- 
tional instances of association of these defects 
have reportedly* been found by Manion in the 
Armed Forces Institute of Pathology files. 
Celoria and Patton? have since reported one 
additional occurrence of the triad. 

The embryologic aberration producing atresia 
of the aortic arch, comprising a failure of 
development of the fourth aortic arch on the 
left side, is easily understood. Circulation is 
maintained through patency of the dorsal 
portion of the sixth aortic arch, the ductus ar- 
teriosus and the interventricular defect whereby 
oxygenated blood returning from the lungs can 
be shunted to the right side of the heart and 
thereby to the lower body parts. If either the 
ductus or septal defect is absent, the subject 
cannot usually live for more than a few hours 
or days. Cases similar to our own have been 
reported in which the patient survived to the 
age of five years.* In such instances extensive 
collateral circulation has been seen to develop 
between the two portions of the aorta. Celoria’s 
embryologic review? provides an_ excellent 
picture of the various types of atresia encoun- 
tered. We have not, however, been able to 
find a reported case which incorporates the un- 
usual origins of carotid and subclavian arteries 
seen in our patient. 

In our case there was little clinical evidence to 
suggest or establish the correct diagnosis. 
Cyanosis was not obvious, either in a generalized 
form or in unilateral distribution as has been 
reported. Failure to develop normally, hepato- 
megaly and other signs of congenital cardiac 
disease with decompensation were of a non- 
specific nature. The cardiac murmur itself 
was also non-characteristic of any particular 
lesion, although it strongly suggested the pres- 
ence of a ventricular septal defect. The routine 
chest roentgenograms and electrocardiogram 
did not help to suggest that such an unusual 
anomaly was present. 

Merrill, Webster and Samson,‘ in their re- 
ported case in which the patient was subjected 
to cardiac catheterization, suspected a patent 
ductus with right-to-left shunting and an in- 
complete form of pre-ductal aortic coarctation. 


Dorney, Fowler and Mannix’ also interpreted 
their catheterization data as representative of a 
patent ductus with pulmonary hypertension and 
a right-to-left shunt, their patient having been 
subjected to thoracotomy for possible ductus re- 
pair. In our case, absence of the aortic arch 
was not suspected from the catheterization data. 
As already mentioned, the findings were inter- 
preted as a combination of ventricular defect 
with patent ductus, with a right-to-left shunt 
into anormal aorta. The demonstration during 
catheterization of what appeared to be a damped 
aortic tracing, in reality reflecting an interrup- 
tion of the aorta, reveals the inadequacies and 
difficulties attendant upon simple right heart 
catheterization. 

Indications for Selective Angiocardiography: A\l- 
though absence of the arch is undoubtedly one 
of the rarest of aortic anomalies, experiences 
with this defect thus far published indicate that 
it is a condition amenable to surgery.‘ In con- 
sideration of the great advances recently made in 
the field of repairing complicated congenital 
cardiac defects, it would seem germane to use 
every available diagnostic method in such cases, 
not only to confirm or outline suspected or 
known deformities, but also to detect completely 
unsuspected anomalies. The advent of angio- 
cardiography has contributed immeasurably to 
the understanding of most congenital cardiac 
defects. However, it is now being argued by 
some that such dye-contrast studies have served 
their greatest usefulness and that the risk of the 
procedure itself does not justify its routine use. 
We do not believe that such an argument is 
valid, either from the standpoint of the mortality 
associated with dye-contrast injection or in 
consideration of the valuable information gained 
from such a study. Had angiocardiography 
been carried out from the right ventricle in the 
patient described here, it is reasonable to expect 
that a complete diagnosis could have been made. 

This, therefore, raises the question of whether 
or not a routine selective angiocardiogram 
should be performed at the conclusion of the 
regular catheterization in all cases of congenital 
cardiac disease in infants and young children. 
We believe that this procedure, performed with 
the patient under general endotracheal anes- 
thesia with Fluothane, carries an extremely 
low mortality risk. Recent figures from the 
literature using similar methods of examination 
support this hypothesis. Bagger et al.,5 report- 
ing 2,451 angiocardiographies, mention nine 
deaths attributable to the procedure itself, 
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a mortality of 0.4 per cent. Our personal 
experience, comprising well over 200 such ex- 
aminations, includes no deaths associated with 
dye-contrast injection. 


SUMMARY 


An infant with congenital absence of the 
aortic arch, patent ductus arteriosus and inter- 
ventricular septal defect is described. The 
difficulties encountered in diagnosis even with 
the utilization of cardiac catheterization are 
pointed out. In view of possible surgical re- 
pair in this and other congenital cardiac defects, 
the desirability of angiocardiographic studies is 
emphasized. 


ACKNOWLEDGMENT 


We are indebted to Drs. Leonard Gettes and James 
Utterback for the anatomic studies in this report. 


SEPTEMBER 1960 


REFERENCES 


. Everts-Suarez, E. A. and Carson, C. P. The triad 


of congenital absence of aortic arch (isthmus 
aortae), patent ductus arteriosus and interven- 
tricular septal defect—a trilogy. Ann. Surg., 150: 
153, 1959. 


. Cecorra, G. C. and Patron, R. B. Congenital 


absence of the aortic arch. Am. Heart J., 58: 407, 
1959. 


. Dorney, E. R., Fowier, N. O. and Mannix, E. P. 


Unilateral clubbing of the fingers due to absence 
of the aortic arch. Am. J. Med., 18: 150, 1955. 


. Merrit, D. L., Wesster, C. A. and Samson, P. C. 


Congenital absence of the aortic isthmus. J. 
Thoracic. Surg., 33: 311, 1957. 


. Baccer, M. et al. On methods and complications in 


catheterization of heart and large vessels, with and 
without contrast injection. Am. Heart J., 54: 766, 
1957. 


@ 
A 
‘ 
| 
J 
re 
imi 
4 


Progress Notes in 


Cardiology 


Edited by EMANUEL GOLDBERGER, M.D., F.A.C.C. 


New York, New York 


Angiocardiographic Diagnosis of an Anomalous Left Coronary 
Artery Originating from the Pulmonary Artery 


N INFANCY, the clinical diagnosis of an anom- 
| geen origin of the left coronary artery 
from the pulmonary artery may be suggested 
by a history of angina-like episodes, the pres- 
ence of extreme cardiomegaly in the absence 
of significant murmurs, and an electrocardio- 
graphic pattern resembling anterolateral myo- 
cardial infarction. However, other conditions, 
notably endocardial fibroelastosis and myo- 
carditis, may present similar clinical and 
electrocardiographic pictures. Since the aber- 
rant left coronary artery is the one condition 
for which surgical correction may prove of 
benefit, Drs. Norman S. Talner, Aaron M. 
Stern and Melvin M. Figley (Departments of 
Pediatrics and Radiology, The University of 
Michigan Medical Center, Ann Arbor, Mich- 
igan) have recently used angiocardiography to 
establish the definitive diagnosis. 

Two female infants, both four months of age, 


have been studied. The first infant had a 
typical clinical history, cardiomegaly and an 
electrocardiographic tracing that suggested 
posterolateral infarction. A selective angio- 
cardiogram with injection into the main pul- 
monary artery revealed the anomalous origin 
of the left coronary artery from the pulmonary 
artery with flow of dye from the pulmonary 
artery into the left coronary artery. The 
second patient had only a history of dyspnea 
at rest, massive cardiomegaly and an electro- 
cardiographic pattern of left ventricular hy- 
pertrophy and T wave changes and was 
thought to have endocardial fibroelastosis. A 
venous angiocardiogram again demonstrated 
the anomalous origin of the left coronary 
artery from the pulmonary artery. Postmortem 
studies were obtained on both infants approxi- 
mately one month after the dye studies and 
confirmed the angiocardiographic diagnosis. 


‘Reoperation for Pulmonary Stenosis with Cyanosis 


HE systemic-pulmonary artery  anasto- 

mosis for pulmonary stenosis and cyanosis 
(tetralogy of Fallot) sometimes becomes throm- 
bosed. J. Alex Haller (Surgery, 44: 919, 
1959) reviewed the records of 1,500 patients 
with pulmonary stenosis and cyanosis who 
were operated upon between 1944 and 1957 
at The Johns Hopkins Hospital. One hundred 
and nine required reoperation because the 
original systemic-pulmonary artery shunt be- 
came inadequate. The highest incidence of 
shunt failure occurred in the infant age group 
(zero to two years). One in every seven pa- 
tients required reoperation. The most common 
cause of a poor result in this group was throm- 
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bosis of the anastomosis. The best prognosis 
was in the five to twelve year age group in 
which only one patient in twenty-five required 
a second operation. The indication for a 
second anastomosis in 70 per cent of these 
patients was that they had outgrown their 
original shunts which were still patent and func- 
tioning well. In 52 per cent of the second 
operations a Potts-type anastomosis was em- 
ployed, but analysis of the postoperative data 
indicates that the type of shunt has not in- 
fluenced the generally good result from the 
second operation. Ten patients died during 
or shortly after operation, a 9 per cent over-all 
operative mortality. Eighty-three patients have 
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been followed more than three months (average 
follow-up three years) since their second op- 


eration; seventy-five (90 per cent) of these are 
considered to have good postoperative results. 


Readings in Cardiology 


From time to time, interesting books which 
ordinarily might escape the attention of cardiolo- 
gists will be briefly reviewed in these columns. 


Anesthesia for the Patient with Chronic Con- 
gestive Heart Failure. Recent advances in car- 
diac surgery have forced both the surgeon and 
the cardiologist to re-evaluate pre- and post- 
operative care, particularly in patients with 
heart disease. The newer aspects of the many 
problems involved in both normal and cardiac 
patients are admirably described in a recent 
book by Dr. Francis D. Moore.* The follow- 
ing is a summary of the description of anes- 
thesia for the patient with chronic congestive 
heart failure: 

“The proper use of anesthesia for patients 
undergoing cardiac surgery in the presence of 
severe heart disease forms a whole chapter in 
itself and, as a specific subject in anesthesia 
practice and pharmacology, is not our primary 
concern in this book. The surgeon must be 
aware of certain basic phenomena in this area 
so that he may appreciate some of the factors 
considered by the anesthetist in the choice 
and administration of anesthetic agents. 

“7. Tachycardia. In the patient with late val- 
vular heart disease, increasing tachycardia 
means decreasing cardiac output. In the normal 
individual the ‘danger area’ of pulse rate, 
where increasing pulse rate ceases to produce 
increasing cardiac output and further tachy- 
cardia results in progressively lowered cardiac 
output, occurs somewhere around a rate of 120 
to 140 beats per minute. In the patient with 
mitral stenosis, this dividing line may occur 
at much lower pulse rates, even as low as 100. 
This is responsible for the decreasing cardiac 
output observed upon exercise in mitral steno- 
sis and is accounted for by the fact that in this 
disease the diastolic filling is very slow and the 
patient must have a prolonged diastole in order 
to develop an adequate ventricular stroke vol- 
ume. Premedication and induction of these 


* Moors, F. D. Metabolic Care of the Surgical 
Patient. Philadelphia, 1959. W. B. Saunders Co. 
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patients should therefore involve a minimum 
of ‘excitement phase’ and the use of agents 
that will not produce tachycardia. 

**2. Oxygenation. The patient with chronic 
heart disease has been in a state of borderline 
oxygenation for many months or years. Any 
further desaturation will be poorly borne. Dur- 
ing his surgical operation it may be possible to 
provide high oxygen concentrations in the alveo- 
lar air and materially improve the patient’s 
ventilation over anything that he has been able 
to achieve before. Such a step is important. 
Immediately on extubation the critical time 
occurs for both anoxia and respiratory acidosis. 

**3. Depth and Duration of Anesthesia. Patients 
having surgery for heart disease seem to do 
better if they can be carried ‘light’ and if their 
total anesthesia experience is as short as pos- 
sible, yet haste is just as dangerous here as in 
other areas of surgery. While unnecessary 
prolongation of the surgical operation is not 
warranted, these patients do well on accurate 
surgery with good hemostasis and careful asep- 
sis. When the surgeon cuts corners in dealing 
with the cardiac patient, the thing that suf- 
fers first is hemostasis. Elevated venous pres- 
sure makes hemostasis difficult in these patients. 
The accumulation of large postoperative hemo- 
thoraces is not unusual in cardiac patients. 
Elevated venous pressure is one cause of postop- 
erative bleeding, but the sense of urgent hurry 
is another. If the patient’s anesthesia is being 
well managed, the additional ten to twenty 
minutes required to secure hemostasis is not 
going to do the patient’s heart any harm. The 
ravages of postoperative hemorrhage jeopardize 
his survival much more severely. Rapid but 
effective operation with good hemostasis and 
resumption of consciousness within a matter 
of minutes after the incision is closed, rapid 
return of normal cough reflex, and minimal 
use of depressing opiates postoperatively are 
important. 

**4. Local Anesthesia? There is a widespread 
misapprehension that local anesthesia—prob- 
ably because of its lack of systemic toxicity— 
is particularly appropriate for these very ill 
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patients. The feeling is that such an anesthetic 
will be less of a ‘burden’ to the patient. 

**The fact of the matter is that the acutely 
ill cardiac patient, usually an elderly person, 
apprehensive and dyspneic, is placed in a very 
uncomfortable position for surgery. The pa- 
tient’s breathing may be orthopneic. A supine 
position on the operating table is in itself 
uncomfortable and even hazardous. The 
patient is nervous, and any increased tachy- 
cardia, pain or apprehension further com- 
promises both forward flow and retrograde 
failure. Local anesthesia presents a hazard 


in all these departments. Except for the most 
minor types of surgery, local anesthesia is 
highly undesirable for the ill patient with heart 
disease. This is true of most of the ‘bad 
anesthesia risks,’ whose care is further com- 
plicated by the use of an inadequate anesthetic. 
Far preferable is the high oxygen concentra- 
tion available through an endotracheal tube 
and the rest, quiet, relaxation and insensibility 
to pain that are produced by a light plane of 
anesthesia such as is obtainable with cyclo- 
propane, thiopental, or nitrous oxide with 
curare.” 
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Acute Myocardial Infarction Following 
an Emotional Disturbance 


N a previous report! I discussed the subject of 
I emotional disturbance as a cause of an 
acute cardiac insult. I presented some of the 
possible physiologic and pathologic changes 
responsible for such an insult under emotional 
strain. 

The following case, which was sent to me for 
review by a physician from Los Angeles, further 
illustrates the causal relationship between a 
severe emotional upset and an acute myocardial 
infarction. The case is of interest because the 
condition occurred in an apparently perfectly 
healthy person, forty-two years of age, an air- 
plane pilot who usually is not easily disturbed by 
danger or by an exciting event. It also illus- 
trates the intermittency of subjective mani- 
festations as the pathologic process progressed 
for about two days before the diagnosis was 
established. During this interval there were 
periods when he felt quite well, and even piloted 
his plane over a stretch from the West Coast to 
Hawaii without discomfort. 

It is hoped that more cases illustrating the 
effect of emotion and strain upon the heart will 
be brought to our attention. 


CasE REportT* 


A forty-two year old married man, an air pilot by 
profession for fourteen years, witnessed an airplane 
explosion in the air in the middle of the night while 
on duty at the airport. 


* Submitted by Romeo J. LaJorr, m.p., Los Angeles, 
California. 
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Two of his friends who were. 


pilot and co-pilot on this plane were killed. He suf- 
fered a severe emotional disturbance and one minute 
later he experienced severe pain in the center of his 
chest which lasted for a few minutes. The next 
morning, at or about 9:30 a.m., while on the flight 
line getting ready for his flight, the pain recurred and 
again lasted only a couple of minutes. He got into 
his plane and flew it to Honolulu. During the flight, 
he felt fine. After reaching Honolulu he had several 
hours of sleep; when he got up he again experienced 
discomfort in his chest. He consulted a doctor in 
Honolulu, who told him that he had “angina pec- 
toris.” A short time after he left the doctor’s office 
he had another attack, which was more severe and 
intense. He returned to the doctor’s office where he 
was given an injection and transferred to a hospital; 
he was told that he had had a “heart attack” and 
was given oxygen. He was treated in the hospital 
for six weeks. Since his discharge from the hospital 
he has felt quite well, but has not returned to work. 

The family history was non-contributory. His 
past personal history revealed nothing abnormal. He 
had always enjoyed excellent health. During World 
War II he flew with the Flying Tigers Squadron. At 
no time before did he have any indigestion, shortness 
of breath or discomfort in his chest. There was no 
history of high blood pressure or nervous disorder. 

Examination about three months after the attack 
when I first saw him revealed a white man of small 
stature who was well nourished and looked his stated 
age; he appeared intelligent, cooperative and was in 
no apparent pain or discomfort. He weighed 149 
pounds, and was 65 inches tall. The chest and lungs 
were normal. The heart showed no increase in dull- 
ness, and the sounds were regular in rhythm, of fair 
tone and quality. No murmurs were heard. The 
blood pressure was 110/90 mm. Hg. 
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Lead Ir 


Fic. 1. 


An electrocardiogram (Fig. 1) revealed evidence of 
healed infarction of the anterior wall of the left 
ventricle. 

Comment: The diagnosis was coronary atherosclero- 
sis with recent coronary occlusion and infarction of the 
anterior wall which was healed. It was believed that 
there was direct causal relationship between the 


_ Lead III, 


_-aVR aVF 
t 


} 


Healed infarction of the anterior wall. 


emotional disturbance of witnessing the airplane ex- 
plosion and the acute coronary attack. We cannot 
deny pre-existing coronary atherosclerosis. 
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Book Reviews 


Textbook of Pediatrics, edited by Waldo E. 
Nelson. W. B. Saunders Company, Phila- 
delphia, 1959, pp. 1,462, $16.50. 


This textbook continues to be the “Bible” for 
both the student and practitioner of pediatrics. 
It fully accomplishes its purpose in approxi- 
mating a complete coverage of the field of 
pediatrics but in so doing a fair amount of neces- 
sary detail in the various subjects is lost. In 
some instances this is unfortunate but by and 
large no great void is evident. Although there 
are eighty-one contributing authors, each sec- 
tion seems to flow in the same simple, clear, con- 
cise style so that different authorship is never 
obvious. Its simplicity affords easy and rapid 
access to a gross description of most of the con- 
ditions encountered in the field of pediatrics. 

The section on the cardiovascular system was 
contributed by Drs. Samuel Kaplan and Robert 
A. Lyon and consists of eighty-four reasonably 
well illustrated pages. The portions of this 
section devoted to electrocardiography and 
cardiac catheterization will afford the student an 
adequate working knowledge of these diagnostic 
tools to which further detail can be added 
by consulting some of the more complete text- 
books of pediatric cardiology. Those portions 
devoted to the specific congenital lesions seem 
only able -to afford the student with an aware- 
ness of the various types of lesions but hardly 
enough detail with which to make a clinical 
diagnosis. This is a bit unfortunate and 
yet, in keeping with the tone of the re- 
mainder of the text, more detail could hardly be 
expected. This portion, however, is very well 
organized and should give to the student a clear 
picture of a certain orderliness. about the con- 
genital lesions. Greater detail ‘s provided for 
some of the more common cond.tions such as 
patent ductus arteriosus and coarctstion of the 
aorta. Unfortunately, not quite exough is 
devoted to the atrial and ventricular :zeptal 
defects, both of which are quite commonly c-- 
countered in pediatrics and generally afford 
somewhat greater difficulties in diagnosis. 

The section on rheumatic fever, consisting of 
ten pages, is contributed by Dr. Ann G. Kuttner 
and is quite a complete review of this subject. 
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Dogmatism, particularly so far as therapy is con- 
cerned, is fortunately avoided. 

No attempt has been made to provide a com- 
prehensive bibliography but it is designed to 
include references to articles which themselves 
contain extensive bibliographies in as many 
subjects as possible. 

This book is a “‘must’’ for every pediatrician’s 
bookshelf but is not necessarily recommended for 
the cardiologist since his needs are much more 
extensive than can be provided for in this text. 

RAPHAEL N. PAUuL, M.D. 


Coronary Heart Disease, by John W. Gofman. 
Charles C Thomas, Springfield, Ill., 1959, 
pp. 353, $8.00. 


In 1950 the National Advisory Heart Council 
initiated a project designed to compare the 
relative accuracy of serum lipoproteins (de- 
termined by the ultracentrifuge technic of 
Gofman) vs. serum cholesterol levels in pre- 
dicting the occurrence of new cardiovascular 
events in previously normal subjects. 

It is suggested that any prospective reader of 
Dr. Gofman’s book who has not yet come to a 
conclusion in the cholesterol-lipoprotein con- 
troversy first read the report on this project 
(Circulation, 14: 691, 1956). If he then believes 
that the ultracentrifugal lipoprotein determina- 
tion is the best method currently available for 
predicting the occurrence of atherosclerosis, 
Dr. Gofman’s volume will be of great interest to 
him. However, if his conclusion is that the 
simpler and less expensive serum cholesterol 
determination is at least as accurate a prognosti- 
cator as the lipoprotein analysis, he will find little 
of value in “‘Coronary Heart Disease,”’ inasmuch 
as this book is based on the premise that the 
lipoprotein determination is the most valuable 
laboratory guide for the practicing physician 
interested in atherosclerosis. 

A clinicopathologic discussion of coronary 
disease and the development of the Gofman 
technic for studying the lipids presumably in- 
volved in atheromatosis are presented in the 
opening chapters. The ultracentrifuge method 
separates various groups of lipoproteins accord- 
ing to their speed of inward migration (flota- 
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tion). Lipoproteins involved in atherogenesis 
in human beings are of very low density and 
occur in the range of S,0 to S400. To inte- 
grate different lipoprotein classes in a single 
figure, Dr. Gofman formulated the atherogenic 


index, 
$,0-12 + 1.75 S,12-400 . 
AI = 10 in mg. per cent. 

Male patients with previous myocardial in- 
farctions had been found to have significantly 
higher atherogenic indices than age-matched 
normal subjects. Dr. Gofman later showed that 
the lipoproteins were also higher in normal men 
who subsequently developed infarcts than in the 
base population from which they were drawn. 
A predictive value for the lipoproteins was thus 
established. 

The author then proceeds to compute the 
risk of development of coronary disease using 
both the atherogenic index and the diastolic 
blood pressure; to show the familial predisposi- 
tion to atherosclerosis by a retrospective study 
of family histories of males with and without 
coronary disease; to develop the concept of the 
atherogenic index and the diastolic blood pres- 
sure as accumulative factors, thereby explaining 
the increased incidence of coronary disease with 
increasing age; and to indicate that the more 
frequent occurrence of coronary disease in obese 
persons is accounted for almost completely by 
the diastolic blood pressure and atherogenic in- 
dex rather than by the overweight per se. 

The question of the influence of diet on the 
lipoproteins is then raised and the use of a low 
fat diet for lowering any elevated atherogenic 
index is indicted by Dr. Gofman, who believes 
that dietary fat increases certain lipoprotein 
fractions, but that dietary carbohydrate in- 
creases others. 

Cigarette smoking (which raises the athero- 
genic index); diabetes (the increased pre- 
disposition of the patient with diabetes to coro- 
nary artery disease is not due to the diabetes 
per se); thyroid gland (thyroid substance lowers 
the atherogenic index even in subjects with 
normal thyroid function) ; and occupation-stress- 
physical activity (physically active occupations 
lower the atherogenic index; “stress” exerts its 
effect through dietary means) are then discussed 
at some length. 

Following a very brief presentation of the 
lipoprotein vs. cholesterol controversy, the 
author concludes with a résumé of therapeutic 
regimens designed to reduce elevated athero- 
genic index values. 


The book reads easily, but is not written with 
the conciseness of style that has characterized 
Dr. Gofman’s earlier scientific papers. The 
discussion of the ultracentrifuge technic and the 
genesis of the atherogenic index are of interest. 
As stated originally, the volume is recommended 
for those who believe that this technic is pro- 
ductive of sufficient information of unique 
clinical importance to warrant its great expense. 

To those who are not yet convinced of the 
superiority of this determination over any other 
currently in use, data taken directly from the 
study by the National Advisory Heart Council 
may be of interest. In assessing the relative 
values of the atherogenic index vs. serum cho- 
lesterol in their respective abilities to predict the 
occurrence of myocardial infarction, the ability 
to segregate the potential risks into a small part 
of the sample is of importance. The following 
table gives the percentage of new coronary 
events developing over a two-year period in 
presumably normal men whose original athero- 
genic indices or serum cholesterol levels were 
above the median value of the base population 
(upper 50 per cent). 


Per 
Cent 


New 
Events 


No. in Upper 


Determination 
50 Per, Cent 


Gofman’s Material (1,704 Men in Base Population) 


Atherogenic index 19 16 84 
Cholesterol 17 14 82 
Total Material, Including Gofman’s 
(3,985 Men in Base Population) 
Atherogenic index 37 33 89 
Cholesterol 37 32 86 


A majority of the study team could not: sup- 
port Dr. Gofman’s contentions. For those who 
agree with that majority, “Coronary Heart 
Disease”’ will provide little more than a one- 
sided reference work on a subject which is still 
controversial. Louts E. SCHAEFER, M.D. 


Peripheral Vascular Diseases: An Objective 
Approach, by Travis Winsor. Charles C 
Thomas, Springfield, Ill., 1959, pp. 845, $16.50. 


This book attempts to present a simple ap- 
proach to the study of peripheral vascular 
disorders. ‘To achieve such an aim, reliance is 
placed, in great part, on the use of a large 
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number of page- and half-page-sized illustra- 
tions, all based on bold line drawings. Some of 
these are excellent. However, many are quite 
elementary and, in the opinion of the reviewer, 
do not contribute enough to the elucidation of 
the text to warrant the relatively large amount of 
space allocated to them. 

The first three chapters are devoted to the 
physiology and anatomy of the peripheral cir- 
culation. The diagrammatic representation of 
the various arterial and venous collateral cir- 
culations which take over following obstruction 
of the main channels is instructive and con- 
stitutes a simple means of describing these 
vascular changes. The dynamics of the circu- 
lation are also presented in a simple and ade- 
quate manner. The microcirculation, which 
has. been the subject of much investigation in 
recent years, is only touched upon. 

About one-fourth of the book (nineteen 
chapters) deals with tests for determining the 
state of the circulation. More than half of this 
section is devoted to a detailed description of 
procedures of a laboratory nature, such as 
ergography, radioisotopes, scleral vascular and 
capillary nail microscopy, calorimetry, plethys- 
mography of various types and physiologic 
transducers. The subject of digital plethysmog- 
raphy, a field in which the author is an author- 
ity, is discussed at much length. In the Preface it 
is pointed out that the purpose of this monograph 
is to present through such improved instruments 
‘“‘an objective approach to the understanding and 
treatment of patients with peripheral vascular 
disease.” 

Methods which require hospital facilities, 
such as infrared photography, measurement of 
venous pressure, sweating patterns, venography, 
arteriography and vasodilating procedures, are 
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also presented in detail. The remainder of the 
section is devoted to a discussion of tests that can 
be utilized at the bedside or in the office, such as 
oscillometry, ophthalmoscopy and skin ther- 
mometry. 

Two chapters deal with taking of the history 
and with the method of performing a routine 
examination, as well as one of the peripheral 
circulation. The basis for abnormal alterations 
in temperature and color of the skin, for the 
various types of pain associated with different 
categories of vascular disorders, and for trophic 
changes is presented. 

The last twenty-three chapters of the book are 
devoted to a presentation of clinical entities. 
Such relatively common disorders as arterio- 
sclerosis obliterans, thromboangiitis obliterans, 
arterial and arteriovenous aneurysms, and 
Raynaud’s disease, as well as such rare entities 
as ainhum, acrocyanosis, livedo reticularis and 
tumors of blood and lymph vessels are presented. 
The subject of the diseases of veins is discussed in 
one chapter, with the result that the postphlebitic 
syndrome, phlebothrombosis, varicosities and 
deep thrombophlebitis are only touched upon 
lightly. A chapter is devcted to diseases of the 
capillaries. 

The last two chapters in this section deal with 
the treatment of peripheral vascular disorders, 
although specific therapeutic measures are also 
included in the sections devoted to a discussion of 
clinical entities. Emphasis is placed on the 
various new surgical approaches to the problem. 

This book may be useful to the medical 
student, the house staff and the general practi- 
tioner in serving as an introduction to peripheral 
vascular disorders. However, to such groups, the 
large segment of text dealing with laboratory 
procedures may prove of little value. D.I. A. 
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College News 


President’s Column 


CONSIDER it a great honor and a privilege 
I to be able to serve the American College 
of Cardiology for the coming year. I am well 
aware of the record of my predecessors and how 
much each has done to bring the American 
College of Cardiology to its present stature. 

During the coming year I shall make every 
effort to carry on the many projects that have 
been previously initiated, and I have already 
received many thoughts and ideas for the future 
of our College. I will welcome from all of 
our Fellows, Associates and Members their 
ideas and critical evaluation of what we are 
trying to do. A college, in my opinion, can- 
not be successful unless everyone connected 
with it takes an active interest in its present 
and in its future. 

All of you who attended the Annual Meet- 
ing in Indianapolis are well aware of the fine 
program and of the success of the meeting. 
In particular this gives me a chance to again 
publicly thank our Indianapolis members and 
friends of the College for all they did for us. 
One of the most inspiring parts of the meeting 
to me was the program presented at the First 
Scientific Session under the chairmanship of 
Dr. John B. Hickam of the work of the young 
research workers in cardiology from the Uni- 
versity of Indiana. 

There were too many other highlights of the 
convention to enumerate them, but I think all 
of us who were there will remember the ad- 
dress of Dr. Samuel A. Levine on “‘Some Prev- 
alent Errors in the Practice of Cardiology.” 


This in a sense gave us a short review of much 
of the lifework of one of America’s great cardi- 
ologists. 

The importance of the humanities in med- 
icine was recognized by the founder of our 
College and was restated so well by Dr. John 
Barlow Youmans. All of you who did not 
hear the Groedel Lecture will certainly want 
to read it in the Journal. 

One of the things that is good for a college 
is that meetings are not always held in the 
largest cities, but in a smaller city like Indian- 
apolis. This has, in my opinion, many ad- 
vantages that are not always recognized. There 
are not so many outside diversions, so that the 
meeting becomes much more closely knit and 
gives those who attend the opportunity to 
know each other better in a friendly way. 
After all, one of the purposes of the American 
College of Cardiology is the opportunity for 
friendly fellowship that must exist among us. 

On assuming the office of the President, 
there are many things that have to be done, 
and I hope to keep you informed of what is 
taking place in our College. Some of the im- 
mediate things are the appointment of com- 
mittees, the selection of new Governors and, 
of course, of particular importance, organiza- 
tion for the New York City meeting next year 
must be immediately started. As all of you 
know, our Interim Meeting with the American 
Heart Association will be in St. Louis, October 
21 to 23, 1960. 

Louis F. BrsHop 


Election of Officers 


EWLY elected officers of the American College of Cardiology are as follows: President-Elect, E. Grey 
N Dimond; First Vice-President, Robert Leslie; Second Vice-President, John W. Patterson; Third Vice- 


President, C. Walton Lillehei; 


Secretary, John S. LaDue; Assistant-Secretary, Irving Brotman; Treasurer, 


William L. Wheeler, Jr.; Assistant-Treasurer, Henry I. Russek; Trustees for five years, Dwight E. Harken, Eliot 


Corday, Edgar Hull and Robert P. Grant. 
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Pensacola Workshop: The College in Action 


JunE 9 To 11, 1960 


A OUTSTANDING experience was afforded 
the colleagues of our College who at- 
tended the workshop on “‘Effect of Stress on the 
Cardiovascular System; Space Medicine.” 
Capt. Ashton Graybiel, MC USN, was ably 
assisted by Comdr. Neal D. Sanborn, MC 
USN; Lt. Comdr. Seldon Creighton Dunn, 
MC USN; Lt. Sr. Gr. Arthur J. Moss, MC 
USN; Lt. Sr. Gr. Robert K. Osborne, MC 
USN; and Lt. Sr. Gr. John A. Lowder, MC 
USN, of the Naval Aviation Medical Center, 
Pensacola, Florida. 

Transitory Hypertension and Air Force Train- 
ing: Two long-term studies of a group of 
young people with mild benign hypertension 
were reviewed. Based upon their findings, 
the investigators concluded that even an oc- 
casional elevation of blood pressure (140/90) 
warrants rejection for training as pilot in the Air 
Force. Training of an aviator costs the Govern- 
ment well over $20,000 and, in their opinion, a 
potential hypertensive is at least a financial risk. 

Ballistocardiography in Relation to Aging: Bal- 
listocardiography was evaluated in relation to 
the aging process of the cardiovascular system. 
It was emphasized that cardiovascular aging 
is a complex phenomenon associated with 
gradual yet progressive deterioration of car- 
diovascular function. 

The rate of aging and the extent of coronary 
and myocardial involvement vary widely in 
different people. Coronary atherosclerosis is 
not limited to older age groups. Evidence of 
it is seen in a large number of young, ap- 
parently healthy males between twenty and 
forty years of age. 

The investigators at the School of Aviation 
Medicine, therefore, are constantly looking for 
better and more accurate methods of deter- 
mining the degree of aging of the cardio- 
vascular system. They now employ an ultra- 
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low frequency acceleration ballistocardiograph 
of their own design as part of such a study. 
Their present conclusions, which will soon be 
published, are as follows: ‘The mean HI 
angle remains rather constant without signifi- 
cant change with age. The mean HI and 
HJ amplitudes as well as the mean HK/HI 
ratio show progressive almost linear age-related 
changes.” This may prove significant in the 
study of rapidity of cardiovascular aging. , 

Effort and the Work Electrocardiogram of the 
Superfit: Convincing evidence was presented 
that in the superfit person a greater amount 
of work is necessary to bring about electro- 
cardiographic changes suggestive of coronary 
insufficiency. 

Space Medicine: After a comprehensive in- 
troductory chat, movies of the effect of zero 
G on man and of the famous Russian space- 
traveling dogs were shown. The training 
necessary to condition such animals was ex- 
cellently demonstrated. The men were then 
introduced to monkey Baker of space fame and 
were given a detailed description of the prep- 
arations for launching and retrieving. 

The participants had an opportunity to be 
rotated in the so-called “Human Centrifuge.” 
This is quite an experience. 

It was gratifying to be told by members of 
the staff of the School of Aviation Medicine 
that the College participants ““made a wonder- 
ful sounding board” to help their evaluation 
of the work done. This statement confirmed 
that the College Workshops are an excellent 
medium for men of scientific calling who wish 
to keep abreast of progress. A few days of 
“on-the-spot” interchanges of experiences 
among colleagues is unequaled in its benefits. 

Chairman, JosEpH B. WOLFFE, M.D. 
Clinical Workshop Committee 
American College of Cardiology 
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Announcements 


College to Hold Tenth Interim Meeting 


The tenth interim meeting of the American 
College of Cardiology will be held in conjunction 
with the annual sessions of the American Heart 
Association in St. Louis, Missouri from October 
21 to 23. The scientific program will include 
a joint session on clinical cardiology on Friday 
morning, October 21, 1960 and the Fireside 
Conferences will be held Friday evening, 
October 21, 1960. 


New Society Founded 


The Society for Ballistocardiographic Re- 
search was founded on April 14, 1960 during 
its First Congress under the presidency of 
Professor H. C. Burger, Utrecht, Holland. 
Applications for membership should be directed 
to the Secretary, Abraham Noordergraaf, 
PH.D., Dept of Medical Physics, Physics 
Laboratory, Bylhouwerstraat 6, Utrecht, who 
will also accept orders for the Proceedings 
of the First Congress. The society is a sister- 
organization of the Ballistocardiograph Re- 
search Society, founded by Dr. Isaac Starr 
several years ago. 

Persons living in North and South America 
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may apply for membership and obtain in- 
formation by writing to the Secretary of the 
Ballistocardiograph Research Society, DeWitt 
H. Smith, m.p., New Jersey Psychiatric 
Institute, P. O. Box 1000, Princeton, New 
Jersey. 

Membership of both Societies is limited to 
those who are actively engaged in_ballisto- 
cardiographic research. 


Postdoctoral Training Offered by 
Chicago Medical School 


Postdoctoral training in either Clinical or 
Experimental Cardiology is offered by the 
Division of Cardiology of The Chicago Medical 
School at Mount Sinai Hospital, Chicago. 
The program of training is supported by the 
National Heart Institute, U. S. Public Health 
Service. 

Physicians having some training in Clinical 
Cardiology or a PH.D. in Experimental Physi- 
ology will receive preference. ’ 

Information concerning the program of 
training and stipend may be obtained by writing 
to Dr. A. A. Lursapa, Program Directcr, 
2755 West 15th Street, Chicago 8, Illinois. 
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THE FACTS ABOUT MER/29 


MER Pf 9) reduces total body cholesterol 


in 8 out of 10 
—and these ave the patients 


most likely to benefit 


your patient with high cholesterol levels... 


MER/29 reduces both serum and tissue cholesterol, irrespective of diet.’ 
In 463 patients, the mean cholesterol was reduced from 324 mg.% to 
253 mg.% — an average decrease of 71 mg.%.”” 


your patient with angina pectoris... 


concurrent benefits have been reported in some patients receiving 
MER/29. These include decreased incidence and severity of attacks, 
improved ECG patterns, diminished nitroglycerin requirements, and 
increased sense of well-being.’”** 


your patient with postmyocardial infarction... 


while more time is needed to determine the over-all prognostic signifi- 
cance, it has been observed that MER/29 “... reduced morbidity and 
mortality rates below those of control series during the first year follow- 
ing coronary thrombosis.” 


your patient with generalized atherosclerosis... 


atherosclerosis “... has been shown to afflict about 77% of American 
males as early as in the 20-to-30 age range.” With MER/29 you have 
a new, well-tolerated means of lowering cholesterol — which has been 
considered “... the sime gua non of the atheromatous lesion.” 
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compatible with other cardiovascular therapies: MER/29 can be used along 
with other measures to control anxiety, hypertension, obesity, and other conditions 
associated with cardiovascular disorders. These include anticoagulants, nitro- 
glycerin, and PETN. 


safety data: Patients have now been treated with MER/29 for relatively long and 
continuous periods. In no case has there been evidence of serious toxic effects on 
the function of any vital organ or system. However, since long-term MER/29 
therapy may be necessary, periodic examinations, including liver-function tests, | 
are desirable. Side effects (nausea, headache, dermatitis) are rare and have usually 
been associated with dosages greater than those recommended for effective therapy. 


contraindication: Pregnancy. Since MER/29 inhibits cholesterol biosynthesis, and 
cholesterol plays an important role in the development of the fetus, the drug 
should not be administered during pregnancy. 


supplied: Bottles of 30 pearl gray capsules, 


.. the first cholesterol-lowering agent to inhibit the formation of excess 
cholesterol within the body, reducing both tissue and serum cholesterol 


..no demonstrable interference with other vital biochemical processes 


reported to date 


.. convenient dosage: one 250 mg. capsule daily before breakfast 


.. toleration and absence of toxicity established by 2 years of clinical 


investigation 


(triparanol ) 


References: 1. Hollander, W., and Chobanian, A. V.: Boston M. Quart. J 0:37 (June) 1959. 
2. Oaks, W., and Lisan, P.: Fed. Proc. 18:428 (Mar.) 1959. 3. Oaks, W. W., e al.: 
A. M. A. Arch. Int. Med. 104:527 (Oct.) 1959. 4. Lisan, P.: Proceedings, Conference on 
MER/29, Progr. Cardiovasc. Dis. 2:(Suppl.)618 (May) 1960. 5. Oaks, W. W.: lbid., 
p. 612. 6. Hollander, W.., e¢ al.: Ibid., p. 637. 7. Halperin, M. H.: Ibid., p. 631. 8. Toro, J.: 
Ibid., p. 544. 9. Morrison, L. M.: J.A-M.A. 173:884 (June 25) 1960. 
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“First in the hearts’? = 


of cardiac patients SZ 


CARDIAC GASHETERS 


catheters in the United States — originally for 
ureteral use — later for cardiac catheterization. 


A.C.M.I.’s nylon woven cardiac catheters are 
preferred for smoothness combined with flexibility. 
Lengths: 30 cm. to 150 cm. Thin-walled, radiopaque. | 


A.C.M.L. was the first to introduce nylon woven 


A.C.M.L.’s polyethylene cardiac catheters provide . 
a smoother and larger lumen for collection of 
blood samples and the rapid injection of contrast 
media. Other types too are under development. 


A triumph of technical skill — all A.C.M.L cardiac 
catheters have earned the confidence of the medical 
profession through their consistently superior quality. 


Nylon woven 
cardiac catheters 


FREDERICK J. WALLACE, President ™ 4 | 


Makers, Inc. 


8 PELHAM PARKWAY, PELHAM MANOR, N. Y. 
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IN ANGINA PECTORIS AND 
CORONARY INSUFFICIENCY 


... the treatment must go further 
than vasodilation alone. It should also 
control the patient's. ever-present 
anxiety about his condition, since 
anxiety itself may bring on 

further attacks. 


...it is frequently not enough to 
boost blood flow through arterial 
offshoots and establish new circulation. 
The disabling fear and anxiety that 
invariably accompany the condition 
must be reduced, or the patient 

may become a chronic invalid. 


Protects your coronary patient 


better than vasodilation alone 


Unless the coronary patient’s ever-present anxiety 


about his condition can be controlled, it can easily induce 


an anginal attack or, in cases of myocardial 
infarction, considerably delay recovery. 


This is why Miltrate gives better protection for the heart 
than vasodilation alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. Miltrate contains 
not only PETN (pentaerythritol tetranitrate), acknowledged as 
basic therapy for long-acting vasodilation. What is 

more important — Miltrate provides Miltown, a tranquilizer 
of proven effectiveness in relieving anxieties, fear and 
day-to-day tension in over 600 clinical studies. 


Thus, your patient’s cardiac reserve is protected against his fear 
and concern about his condition...and his operative arteries 
are dilated to enhance myocardial blood supply. 


Miltrate 


Miltown® (meprobamate) + PETN 


CML-1388 


39 


(fff WALLACE LABORATORIES / Cranbury, N. J. 


Supplied: Bottles of 50 tablets. 
Each tablet contains 200 mg. 
Miltown and 10 mg. penta- 
erythritol tetranitrate. 


Dosage: | or 2 tablets q.i.d. 


before meals and at bedtime, 
according to individual require- 
ments. 


REFERENCES 
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YUN DIN* (warfarin 
tablets—2-mg,, lavender; 5 mg., peach; 7/2 mg., 
5 red. Single Injection Units — one vial, 50 mg., — 


q 
FOR ORAL, INTRAVENOUS OR INTRAMUSCULAR USE _ 

mg. Cal as inaicatea by prothrombin time Complete Into ONG sprints on Rec wit 


in angina pectoris... 


24-hour protection against 
both pain and fear with just one 


Clinically proved'’?"* to establish peak nitrate blood levels soon after an initial dose 
and to maintain these levels throughout a 12-hour period... 


thus avoiding bothersome t.i.d. or q.i.d. routines, yet permitting the patient to enjoy 
up to 12 hours’ uninterrupted relief from pain and fear with a single COROVAS Tymcap: 
“...it would appear that 60 mg. of PETN in TD capsule form [timed-disintegration 
COROVAS Tymcaps] is as effective as 80 mg. PETN in tablet form, in controlling the 


nginal attacks.” 

COROVAS Tymcaps 
prolonged, sustained-action of vasodilating pentaerythritol tetra- 
nitrate (PETN) 30 mg., and sedative secobarbituric acid 50 mg. 


» controls or prevents anginal pain 
» alleviates associated fear, apprehension and panic 
» reduces frequency and severity of attacks 
» reduces the need for nitroglycerin 
Supplied—Boxes of 60 and 120 


|. Feinblatt, T. M., and Ferguson, E. A.: New Eng. J. Med. 256:331 (Feb.) 1957. 
2. Kupersmith, I. H.: International Record of Medicine, Vol. 171 No. 10 (Oct.) 1958. 
3. Berry, J. W., and Roach, T. C.: Circulation, Vol. 17, No. 6 (June) 1958. 


Amfre-Grant Inc. Brooklyn 26, New York 
42 


4 
4 
bid 
1G. 
53 
4 
: 
Pi 
> 


for cardiac arrhythmias... obvious advantages 


PRONES 


SQUIBB PROCAINE AMIDE HYDROCHLORIDE 


Pronestyl offers obvious advantages over quinidine and procaine in the management of cardiac 
arrhythmias: ‘Procaine amide [Pronestyl] should be the drug of choice in arrhythmias of ventricular 
origin.” '—on oral administration, side effects are less marked than with quinidine—administered 

|. V., Pronestyl is saferthan a corresponding |.V. dose of quinidine—administered |. M., Pronestyl acts 
faster than |. M. quinidine?—Pronestyl sometimes stops arrhythmias which have not responded to 
quinidine?:+—Pronestyl may be used in patients sensitive to quinidine—more prolonged action, less 
toxicity, less hypotensive effect than procaine—no CNS stimulation such as procaine may produce. 


Supply: For convenient oral administration: Capsules, 0.25 gm., in bottles of 100. 
For |. M. and |. V. administration: Parenteral Solution, 100 mg. per cc., in vials of 10 cc. 


References: 1. Zapata-Diaz, J., et al.: Am. Heart J. 43:854, 1952. 2. Modell, W.: in Drugs of Choice, C.V. Mosby Co., St. Louis, 1958, p. 454. 
3. Kayden, H. J., et al.: Mod. Concepts Cardiovasc. Dis. 20:100, 1951. 4. Miller, H., et al.: J.A.M.A. 146:1004, 1951, 


Squibb Quality—the Priceless Ingredient 


‘pronestyt’® is a SQUIBB TRADEMARK 
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Clark treated 31 anginal patients who showed signs of anxiety, fear, excitement and other forms of emotional 
stress. On CARTRAX, all 31 fared better than they had on previous therapy...as judged both by subjective 
reports and by reduced nitroglycerin requirements.* 


CARTRAX combines PETN (for prolonged vasodilation) with ATARAX (the tranquilizer preferred for angina patients 
because of its safety and mild antiarrhythmic properties). Thus, CARTRAX helps you to cope with both com- 
ponents of angina pectoris—circulatory and emotional. 


For a better way to help your angina patients relax, prescribe CARTRAX. *Clark, T. E., in press. 


times daily. For dosage flexibility, CARTRAX “20” 
(pink) tablets (20 mg. PETN plus 10 mg. ATARAX) may be utilized at a level of one tablet 
three to four times a day. The tablets should be administered before meals for optimal jew york 17. N. Y. 
fesponse. For convenience, write ‘“CARTRAX I0” or “CARTRAX 20.” As with all nitrates, Division, Chas. Pfizer & Co., Inc. 
use with caution in glaucoma. Supplied: In bottles of 100. Prescription only. | Science for the World’s Well-Being™ 
Tpentaerythritol tetranitrate tfbrand of hydroxyzine 
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acute coronary occlusion 
control short- long-term oral 
anticoagulant therapy 


anisindione 


‘excellent control...in 54 out of 59 cases 
| including 48 patients with coronary thrombosis]. 


fashion in 5 to 8 hour 


t ‘to the therapeutic racket 
there little diflicy 


:73, 1958. (3) Kellaway, 
ind Mayer, G. Canad. M, 
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a It leads to an initial rapid fall in prothrombin act a 
Therapeutic levels attained in 48 to 72 hour: 
“Norma. | prothrombin levels were recorded between 836 
Vitamir flectof Miradonina 
anticoagulant ellect can be restored rapidly by 
| With Mirapon “...a very even response was evident 


“Are the xanthines effective 
in ANGINA PECTORIS ?” 


(Abstract of the paper with above title) 


A favorable response was unequivocally 
demonstrated with aminophylline when ad- 
ministered intravenously to angina pectoris 
patients. In sharp contrast the author, noted 
for his original contributions to cardiovascu- 
lar research, found oral administration inef- 
fective in all patients tested. This suggested 
that the failure was correlated with sub- 
threshold theophylline blood-levels obtained 
with oral administration. 

A 20% alcohol-solution of theophylline 
(Elixophyllin®) has been shown to provide 
blood levels comparable to those obtained 
with LV. administration of aminophylline. 
This oral preparation and a placebo (identi- 
cal in appearance, taste and alcoholic con- 


tent) were tested by the electrocardio- 
graphic response obtained and by a double- 
blind clinical evaluation. 

The author reported: “In the light of these 
findings, conclusions derived from animal 
experiments which have classed theophyl- 
line as a ‘malignant’ coronary vasodilator 
must be rejected for man.” Elixophyllin 
administered orally to 30 patients was ef- 
fective “not only in control of symptoms 
but in its modifying action on the electro- 
cardiographic response to standard exercise. 
The efficacy of this preparation is based on 
the rapid absorption and attainment of high 
blood levels made possible by the vehicle 
employed.” 


(Russek, H. I., Am. J. Med. Sc. Feb., 1960) 


CLINICAL REFERENCE DATA ON 


ELIXOPHYLLIN™ 


A hydro-alicoholic solution of theophylline. Each 15 cc. 
(1 tablespoonful) contains 80 mg. theophylline (equiva- 
lent to 100 mg. aminophylline) and 20% ethyl alcohol. 


FORMULA: 


ORAL DOSAGE: 


AVAILABLE: 


SPECIAL REPRINT: 
quest. 


First 2 days—doses of 45 cc. t.i.d. (before breakfast, at 
3 P.M., and on retiring). 
Thereafter—doses of 30 cc. t.i.d. (at same times). 


Prescription only; bottles of 16 fi. oz. and 1 gallon. 


Reprint of Dr. Russek’s paper abstracted above on re- 


fierman Leboratories 


Detroit 11, Michigan 
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fl | J greater loss of sodium 
lesser loss of potassium 


A new antihypertensive-saluretic, 
Hygroton, now enables still more effective 


ese 
H 7 f more evenly sustained therapeutic response 
est il ci 4 Because it is more prolonged in action 
@ than any other diuretic,’ Hygroton affords 


a smoother, more evenly sustained 
response. 

* 

and edema 


more nearly pure natriuretic effect 
Hygroton produces only minimal 
potassium loss . . . affords a better sodium- 
potassium ratio than other saluretics.* 


more liberal diet for the patient 
As a rule, with Hygroton, restriction of 
dietary salt is unnecessary. 


more convenience and economy 

For maintenance therapy three doses per 
week suffice to manage the vast majority 
of cases.” 


in arterial hypertension 
Sustained control without side reactions. 


in edematous states 
Copious diuresis without electrolyte 
imbalance. 


Hygroton®, brand of chlorthalidone: White, 
single-scored tablets of 100 mg. in bottles of 100. 


References: 

(1) Stenger, E. G., et al.: Schweiz. med. Wchnschr. 
89:1126, 1959. (2) Fuchs, M., Res: et al.: Current 
Therap. Research 2:11, January, 1960. (3) 

Ford, R. V.: Manuscript submitted for publication. 


Geiny Geigy, Ardsley, New York HY 234-60 
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balanced 
diuresis in: 


cardiac edema congestive 
heart failure - premenstrual 
tension - edema of pregnancy 


toxemia of pregnancy - - obesity 
often invaluable in: epilepsy 
Menieére’s syndrome - glaucoma 


Ample diuresis for the usual edema- 
tous patient... gentle... without 
excessive distortion of electrolyte 
or normal water patterns...without 
effect on blood pressure. 

Scored tablets of 250 mg. Ampuls of 500 mg. for onde use. 


DIAMOX 


cetazolamide Lederle 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York CED 
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brand of rescinnamine 


a refinement in rauwolfia — 


alkaloid therapy 


Science 
for the world’s 
well-being™ 


PFIZER LABORATORIES 
Division, Chas. Pfizer & Co., Inc. 
Brooklyn 6, New York 


IN BRIEF 


MODERIL is rescinnamine, a purified rauwolfia alka- 
loid providing the benefits af reserpine with reduced 
frequency and/or severity of certain reserpine side 
effects. Rauwolfia has been referred to as the first 
agent to be tried and the last omitted in antihyper- 
tensive therapy. When MODERIL is given with other 
antihypertensive agents, the latter may often be ad- 
ministered in lower dosage with fewer undesired 
reactions. 


INDICATIONS: Primary therapy in mild to moderate 
labile hypertension. In more severe cases, as adjunc- 
tive therapy with other agents. 


ADMINISTRATION AND DOSAGE: Adjust dosage to mini- 
mum level for optimal therapeutic effect. Recom- 
mended initial dose—one 0.5 mg. tablet twice a day 
for two weeks. Significant side effects are unusual with 
MODERIL, but should they occur, reduce dosage to 
one 0.25 mg. tablet twice daily. When optimal hypo- 
tensive effects are obtained during initial period, this 
same reduced dosage or less may be used. If greater 
hypotensive effects than those observed during this 
period are required, cautiously increase dose by 0.25 
mg. per day (up to 2.0 mg. per day) and consider 
combined therapy. Doses should be taken after meals 
to minimize possible adverse effects of increased gas- 
tric secretion. 


Initial dosage for children 3-12 years of age is up to 
0.25 mg. twice daily for one week. Children should 
be observed closely and when therapeutic effect is 
achieved, this dose should be reduced by half, i.e., 
0.25 mg. daily. 


SIDE EFFECTS: Same type as with reserpine but usu- 
ally with reduced incidence or severity, e.g., mental 
depression, bradycardia, nightmares, and fatigue. 
Nasal stuffiness or congestion may occur but usually 
disappears with discontinuation of the drug or on use 
of topical vasoconstrictors or antihistamines. Increased 
frequency of defecation and/or looseness of stools is 
an occasional reaction. There have been occasional re- 
ports of serious hypotension in persons on Rauwolfia 
compounds who undergo surgery with general or 
spinal anesthesia. It is suggested that MODERIL be dis- 
continued two weeks before surgery, when feasible, or 
other appropriate measures be taken. 


PRECAUTIONS: Because rauwolfia preparations may in- 
crease gastric secretion, MODERIL should be used with 
caution in patients with a history of peptic ulcer. 


SUPPLIED: Yellow, scored, oval tablets of 0.25 mg., 
bottles of 100 and 500; salmon, scored, oval tablets of 
0.5 mg., bottles of 100. 

More detailed professional information available ‘on: 
request, 
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| effective 


indicated 
in all degrees ji by itself in most 
of hypertension hypertensives 


with RESERPINE 


(HvOROCHLOROTHIAZIDE) 


HYDROPRES can be used: 


> 2/0/76 (in most patients, HYDROPRES Is the only antihypertensive medication needed.) 


» as basic therapy, adding other drugs if necessary (should other anti- 
hypertensive agents need to be added, they can be given in much lower than usual dosage 
so that their side effects are often strikingly reduced.) 

» as replacement therapy, in patients no w treated with other drugs 


(In patients treated with rauwolfia or its derivatives, HYDROPRES can produce a greater anti- 
hypertensive effect. Moreover, HYDROPRES is less likely to cause side effects characteristic 
of rauwolfia, since the required dosage of reserpine is usually less when given in combination 
with HydroDIURIL than when given alone.) 


HYDROPRES- 25 HYDROPRES-50 


25 mg. HydroDIURIL, 0.125 mg. reserpine. 50 mg. HydroDIURIL, 0.125 mg. reserpine. 
One tablet one to four times a day. One tablet one or two times a day. 


If the patient is receiving ganglion blocking drugs or hydralazine, 
their dosage must be cut in half when HYDROPRES is added. 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 
MERCK SHARP & DOHME, piviSiON OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


@HYDROPRES AND ARE T OF MERCK &CO., INC. 
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ioral anticoagulants 
adapted to 


brand of acenocoumaro! 


brand of ethyl biscoumacetate 


Tromexan is distinguished by rapid onset 


of hypoprothrombinemic effect and by an 
equally rapid decline. It is particularly 
indicated when either prompt anticoag- 
ulant effect is imperative or termination of 
therapy is required, as for surgical 
intervention. 


Sintrom has a rate of action intermediate 
between that of Tromexan and Dicumarol.® 
It is noted for the ease with which a 
stable prothrombin response can 

be maintained on uniform daily dosage. 
Consequently it is exceptionally well 
\adapted to long-term therapy. 


'Tromexan®, brand of ethyl biscoumacetate: Scored tablets 
of 150 mg. and 300 mg. Sintrom®, brand of acenocoumarol: 
Double-scored tablets of 4 mg. 


Geigy, Ardsley, New York 
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whenever digitalis / 
is indicated 


‘ 
[f one digitalis agent were 
to be recommended for us Pt OR 
“li nd 
| adaptability to the many a a Si 
varied clince contingencles- 
3 we believe Digoxim would be 
the drug of choice. 
Lown, B.. and Levine, s. A.: Current Concepts i? Digitalis Therapy: | 
Benen, Litle, Brows & Company, 1954 23, par: 2 
i 
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Blood pressure that goes up with stress 
often comes down with SERPASIL 


One reason that many cases of hypertension 
respond to Serpasil is that many gases are as- 
sociated with stress. Stress situations produce 
stimuli which pass through the sympathetic 
nerves, constricting blood vessels, and increas- 
ing heart rate. Hyperactivity of the sympathetic 
nervous system may elevate blood pressure; if 
prolonged, this may produce frank hyperten- 
sion. By blocking the flow of excessive stimuli 
to the sympathetic nervous system, Serpasil 
guards against stress-induced vasoconstriction, 
brings blood pressure down slowly and gently. 


*Coan, J, P., McAipine, J. C., and Boone, J. A.: J. South Carolina M. A. 51:417 (Dec.) 1955. Jasons 


Complete information available on request. 


(reserpine cisa) 

in mild to moderate hypertension, Serpasil is 
basic therapy, effective alone ‘‘...in about 70 
per cent of cases...’’* 

In severe hypertension, Serpasil is valuable as 
a primer. By adjusting the patient to the physio- 
logic setting of lower pressure, it smooths the 
way for more potent antihypertensives. 


_In all grades of hypertension, Serpasil may be 


used as.a background agent. By permitting 


lower dosage of more potent antihypertensives, 


Serpasil minimizes the incidence and severity 
of their side effects. | 


» 

, 
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no more 


therapeutic 


DIGITALINE 


original) crystalline digitoxin 


NATIVELLE 


You will find that Digitaline Nativelle, the original crystalline digitoxin, provides exactly 
the balanced, controlled maintenance dose you want for your cardiac patient. Its duration 
of activity is neither too short nor unduly prolonged, well suited to daily maintenance 
therapy. Its complete absorption and purity assure uniform potency, precision of dosage, 
total utilization and effectiveness. A product of Nativelle, Inc. 


E. Fougera & Company, Inc., Hicksville, Long Island, N. Y. 
after initial digitalization... 


a lifetime of balanced 


controlled maintenance therapy 
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Service the Profession 


Riker Laboratories is proud to announce 


that Darwin Laboratories has become its newest 
family member. The expanding Riker facilities 
now include research devoted to heparin therapy 


as part of its service to the medical profession. 


USSSA 
= 


Heparin Sodium 
U.S.P., aqueous 


lipo-hepin 


Dual Protective Action 


1. Reliable anticoagulation with 


1 or 2 injections daily. 


2. Rapid lipid-clearing action. 


Riker Northridge, California 
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NOW WIDELY PRESCRIBED QUINIDINE 
THERAPY CARDIAC ARRHYTHMIAS 


exclusive oral 
Sustained Medication® 
Quinidine Gluconate (5 gr.) 


for these good reasons’ 


q. 12 h. dosage 

QUINAGLUTE DURA-TAB S.M. tablets 
maintain effective uniform blood levels 
around the clock, day and night. 


better tolerated 

because quinidine gluconate is 

ten times more soluble than the sulfate 
— and easier on the g.i. tract. 


uniformly efficient 
no let-down in plasma levels where 
arrhythmias tend to occur. 


Bottles of 30, 100 and 250. 
PAGE 893 


1. Bellet, S., Finkelstein, D., and Gilmore, H.: 
A.M.A. Archives Int. Med. 100:750, 1957. 


. Bellet, S.: Amer. Heart J. 56:479, 1958. 
. Finkelstein, D.: Penn. Med, J. 61:1216, 1958. 
. Bellet, S.: Amer. J. Cardiology 4:268, 1959. 


> wh 


Samples and literature — write... 

CORPORATION 

Lancaster Ave. at 51st Street, Philadelphia 31, Pa. 


Also available: INJECTABLE QUINAGLUTE 
10 cc. Vials, 0.08 Gm. Quinidine Gluconate per cc. 
*U.S. Patent 2895881 
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prompt 
treatment 
of cardiac 


arrhythmias 


Injectable Quinidine Hydrochloride, Brewer—the first injectable . 
quinidine available in America—is especially indicated in ventricular tachycardia 
and in certain cases of auricular fibrillation. It usually begins to act 
within 15 to 30 minutes, and reaches its maximum effect in 14% to 3 hours. 
In one study of 107 cases of paroxysmal ventricular tachycardia, 
the investigators conclude: ““The treatment of choice was quinidine therapy.’”! 
In refractory cases of paroxysmal tachycardia, 

the intravenous administration of Quinidine has proved effective.? 


ADMINISTRATION: Intramuscularly, or if necessary, intravenously. 


SUPPLIED: Quinidine Hydrochloride Injectable (0.6 gm.) in 5 cc. 
ampuls. Quinidine Hydrochloride Injectable (0.18 gm.) in 1 ¥2 cc. ampuls. 
Also available for oral administration—Quindul (Quinidine Sulfate, 
Brewer) (3 gr.) in capsules, tablets and enteric coated tablets. 


Additional information and clinical reports forwarded on request 


Est. 1852 


Brewer & Company, Inc. 
WORCESTER 8 MASSACHUSETTS, U.S.A. 


1. Armbrust, C.A., Jr., and Levine, S.A.: Paroxysmal Ventricular Tachycardia: A Study of 107 Cases. Circulation 1:28 (1950) 
2. Bell, G.D., Bradley, R.B., and Hurxthal, L.M.: Paroxysmal Tachycardia, Experiences with Massive Doses of Quinidine intravenously in a Refractory 
Case. Circulation 1:939 (1950) 
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improve coronary 
blood flow with 
no significant 
change in blood 
pressure or 
pulse rate 


in angina pectoris, >» 
Peritrate reduces fre- 
quency and severity of 
anginal attacks in 4 out 
of 5 patients, reduces ni- 
troglycerin dependence. 


<q in postcoronary man- 
agement, helps establish 
and sustain collateral cir- 
culation safely, to sup- 
port natural healing and 
repair, and minimize any 
ensuing anginal attacks. 
Gradual prolonged ac- 


tion virtually eliminates 
asic M nitrate headaches. 
coronary 


brand of pentaerythritol tetranitrate 
NEW form available: MORRIS PLAINS, NJ 
Peritrate with Phenobarbital Sustained Action 
oro 3 1 tablet on arising and 1 tablet 12 hours later. 
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List 326/1 


Dye—Dilution Curve 
Recording Apparatus 


Shillingford Pattern 


idge Instrumen the dye passes throug 
«Company. By recorder pen moves h the or the the 
chart a time 


The Cambridge Dye-Dituti an electrical 

signed to record the change of of the dye as it 

Injected at selected sites in th rae the ear. Photocells, rough th: capillaries of 

i circulation. clip, form the sensitive. of the 
lement. On the opposi 

PPosing 


Send for 
BULLETIN 326 
CURVE RECORDING APPARATUS 


THE CAMBRIDGE DYE-DILUTION 

Records changes of concentration of a dye _ creasing use in the study of congenital heart 
injected at selected sites in the venous circu- conditions and valvular incompetence. The 
Jation. By its use, cardiac output can be ear piece and the cuvette can be readily 
determined and intracardiac shunts can be changed for use with either Fox green or 
detected and located. It is also finding in- | Evans blue or one of the other blue dyes. 


CAMBRIDGE INSTRUMENT Co., INC. 


Graybar Blidg., 420 Lex. Ave., N. Y. 17, N. Y. 
Cleveland 2, Ohio Detroit 2, Mich. Oak Park, Ill. Jenkintown, Pa. Silver Spring, Md. 
6605 West North Avenue 479 Old York Road 933 Gist Avenue 


8419 Lake Avenue 7410 Woodward Avenue 
PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 
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Thon GENERAL One of the Most valuable of recent #8 marked on the recorder chart by momentarily 3 
Lee developments for the diagnosis of Cardiac diseases is depressing an externa) nck 2! 
the Dye-Dilution Curve Recordine av 
duced by the Cambr. 
its use, cardiac outpt 
cardiac shunts can It 1s 
fre ts also finding increasing use in the study of congenital EAR ATTACHMENT (Fig. 1). This unit, de. fi 
Teas heart conditions and valvular incompetence Signed for clin ; 
‘for light flexible lead, terminating in a 6-point 
Walch Dlood—from the radial artery, for example— Socket, connects the attachment to the recorder, 
7 Bye 18 permitted to flow. Output from either of these Two interchangeable types of ear attachment can be i 
ea % units is fed into @ special Cambridge Electronic supplied, one for use with Evans Blue ‘Dye (Azovan a 
Mae } Recorder which Incorporates a highly ‘sensitive and Blue) and the other for Fox Cardio Green (Indo- pes 
eA as stable d.c. amplifier. The instant of dye injection cyanine Green), “ 
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this 
patient 


and 
his 


Photo used with patient’s permission. 


Patient’s comment: ‘‘The other drug [whole root rauwolfia] made me feel lazy. | just didn’t feel 
in the mood to make my calls. My nose used to get stuffed up, too. This new pill [Singoserp] 
doesn't give me any trouble at all.” 


Clinician’s report: J. M., a salesman, had a 16-year history of hypertension. Blood pressure at 
first examination was 190/100 mm. Hg. Whole root rauwolfia lowered pressure to 140/80 — 
but side effects were intolerable. Singoserp, 0.5 mg. daily, further reduced pressure to 130/80 
and eliminated all drug symptoms. 


Many hypertensive patients and their physicians 


prefer Singoserp: because it usually lowers 
blood pressure without rauwolfia side effects 


SUPPLIED: Singoserp Tablets, 1 mg. (white, scored). Also available: Singoserp®-Esidrix® Tablets #2 (white), each con- 
taining 1 mg. Singoserp and 25 mg. Esidrix; Singoserp®-Esidrix® Tablets #1 (white), each containing 0.5 mg. Singoserp 
and 25 mg. Esidrix. Complete information sent on request. 

Singoserp® (syrosingopine CIBA) Singoserp®-Esidrix® (syrosingopine and hydrochlorothiazide CIBA) C1B A 
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Due in part to diminished physical activities, the recom- 
mended daily dietary allowances for ‘“‘Men, 65 years,” 
are lower in calories but similar in essential nutrients 
recommended for younger age groups. This reduction 
in calories is easily accomplished by a moderate reduc- 
tion in dietary fat. A basic cereal and milk breakfast as 
shown in the table below merits consideration because 
its moderate low-fat content of 10.9 gm. provides 20 per 


A man of 65 
requires 


same essential 
nutrients but 
fewer calories 


cent of the total calories, yet it provides for this age 
group and for most others about one-fourth of the 
recommended daily dietary allowances of protein, im- 
portant B vitamins, and essential minerals. The Iowa 
Breakfast Studies on Men Past 60 Years of Age dem- 
onstrated that a well-balanced, moderate low-fat morning 
meal was a sound one for the maintenance of health and 
well-being during the morning hours. 


Recommended Daily Dietary Allowances* and the Nutritional Contribution of a Basic Cereal 


and Milk Moderate Low-Fat Breakfast 


Menu: Orange Juice—4 


Cereal, dry weight—1 oz.; 

Whole Milk—4 oz.; Sugar—I1 teaspoon; 
Toast (white, enriched)—2 slices; 
Butter—5 gm. (about I teaspoon); 


Nonfat Milk—8 oz. 

Vitamin Niacin Ascorbic 
Nutrients Calories Protein Calcium Iron A Thiamine Riboflavin equiv. Acid 
Totals supplied by 
Basic Breakfast 503 20.9 gm. 0.532 gm. 2.7 mg. S88LU. 0.46 mg. 0.80 mg. 7.36 mg. 65.5 mg. 
Recommended Dieta: 
Allowances—Men, 6 
Years (70 kg.—154 Ib.) 2550 70 gm. 0.8gm 10mg. SOOOLU. 1.3mg. 1.8 mg. 18 mg. 75 mg. 
Percentage Contributed 
by Basic Breakfast 19.7% 29.8% 66.5% 27.0% 118% 35.4% 44.4% 40.9% 87.3% 


Cereal Institute, Inc.: Breakfast Source Book. 

Chicago: Cereal Institute, Inc., 1959. 

Food & Nutrition Bd.: Recommended Dietary Allowances, Revised 1958. 
Natl. Acad. Sci.—Natl. Research Council Publication 589, 1958, 

Watt, B. K., and Merrill, A. L.: Composition of Foods—Raw, 
Processed, Prepared. U.S.D.A. Agriculture Handbook No. 8, 1950. 


*The allowance levels are intended to cover individual variations 
among most normal persons as they live in the United States under 
usual environmental stresses. Calorie allowances apply to 
individuals usually engaged in moderate physical activity. For 
office workers or others in sedentary occupations they are excessive. 
Adjustments must be made for variations in body size, age, 
physical activity, and environmental temperature. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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Announcing...a new agent for lysis of 


VASCULAR 


THROMBOLYSIN, supplemented by anticoagulant therapy, can greatly reduce mor- | 
tality and morbidity in thrombophlebitis, phlebothrombosis, pulmonary embolism, and “a 
certain arterial thrombi.* Recently formed clots are lysed rapidly, usually in 24 hours. " 


to lyse thrombi 


FIBRINOLYSIN, HUMAN 
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early use greatly reduces morbidity and 
mortality in thrombophlebitis, phlebothrombosis, 
pulmonary embolism, and certain arterial thrombi 


FIBRINOLYSIN, HUMAN 


Clot may form 
Effect on intravascular thrombi obstruction to 
blood flow. New 
clots may form. 


Sudden death from 
pulmonary embolism 
is an ever-present 
hazard. One or more 
nonfatal pulmonary 
emboli may result in 
irreversible lung 
damage or secondary 
pneumonia. 


Effect on pulmonary emboli 


Weeks of 
hospitalization or 

bed rest at home are 
commonly required 

in the management 

of thrombophlebitis, 
phlebothrombosis, 
pulmonary embolism, 
and arterial thrombosis. 


| 
| 
| 
Effect on duration of | 
illness and convalescence | 

| 


Chronic leg swelling, 
severe secondary 
varicose veins, and 
leg ulcers are 
common sequelae. 


Frequency and severity 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| of postphiebitic syndrome 
| 
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Anticoagulant + Bed rest | THROMBOLYSIN + Anticoagulant + Bed rest | 
Recently formed 
pr intravascular clots | 
ee 4 r us | are lysed and the 
orme oth hel | formation of new 
However, they help clots is inhibited. | 
prevent its extension | Circulation is | 
of | restored and main- 
new clots. symptomatic relief. | 
| 
severity of pulmonary 
The careful use of emboli are greatly | 
anticoagulants reduced since | 
reduces the | THROMBOLYSIN acts | 
occurrence of, to remove thrombi 
pulmonary emboli. before they can 
| become emboli. | 
| | 
| | 
striking reduction 
Thromboembolic | isobservedinthe | 
illness and | duration of hospital 
convalescence stay, bed rest, and 
are shortened. | convalescence. | 
| 
| | 
| 
| 
The incidence and Postphlebitic | 
severity of the complications are = 
postphlebitic | prevented or 
syndrome are greatly minimized. | 
reduced. : | 
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What is THROMBOLYSIN ? 


4 TuHROMBOLYsIN is Fibrinolysin, Human. It is prepared by activating the profibrino- 
‘ts lysin-rich Fraction III — $ of pooled human plasma with highly-purified streptokinase 
ed and then lyophilizing it. THromsotysin helps restore the natural equilibrium 


between clot formation and clot lysis, thereby enhancing the ability of the blood 
to maintain normal flow. 


In What Conditions is it Indicated? 
THROMBOLYSIN is indicated in thrombophlebitis, phlebothrombosis, pulmonary embo- 
lism, and certain arterial thrombi. 


*(NoTE: Successful lysis of thrombi of major cerebral vessels has been reported. 

However, additional experience is required to define the indications and contra- 

: indications of therapy in such patients. THROMBOLYSIN has also been admin- 

a istered to patients with acute myocardial infarction, but the scope of this work 
ee is still too limited to permit conclusions about its safety or benefit.) 


When Should Therapy be Initiated? 
Treatment with THROMBOLYsIN should be started as soon as possible after a thrombus 
has formed. Blood clots begin to organize shortly after formation and may become 
encased in a layer of endothelial cells, making them resistant to the action of 
° THROMBOLYSIN. Usually, more rapid lysis can be expected to take place when treat- 
ment is initiated within five days after a thrombus has formed; however, in some 
cases successful lysis has been accomplished when treatment was not initiated for 
several weeks after thrombus formation. 


ues Can THROMBOLYSIN be Given to Patients 

oe Being Treated with Anticoagulants? 

Yes. Patients who have been on anticoagulant therapy can be expected to improve 
when T'HROMBOLYSIN is added to their program of treatment. 


Does THROMBOLYSIN Increase the Incidence of Embolism? 

Clinical studies indicate that it does not. In fact, if any evidence of embolization 
should appear, it is important to continue THRoMBOLYsIN until symptoms have 
disappeared. 

W hat is the Dosage? 

The dosage most frequently used by investigators has been 4 vials (200,000 MSD 
units) per day by intravenous infusion. This is usually administered by giving 1 
vial per hour for 4 consecutive hours. Alternatively, 1 vial (50,000 MSD units) per 
hour may be given for 2 consecutive hours and repeated in 3 to 6 hours. The dosage 
range is 1 vial (50,000 MSD units) to 2 vials (100,000 MSD units) an hour by intra- 
venous drip, for 1 to 6 hours, depending on the nature of the clot and the response 


Vascular thrombi 

can now be 
treated rapidly 
by a new agent 
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of the patient. Most patients respond in one day; those who do not may require 

additional doses for three or four successive days. 
Patients not under active treatment with anticoagulants at the time of 
the thromboembolic episode: 
New clot formation is unlikely to occur during the administration of 
THROMBOLYSIN, so that anticoagulants may be unnecessary in this period. 
However, the fibrinolytic activity of THROMBOLysIN persists only 3 to 4 
hours after cessation of infusion; in patients subject to thrombosis, provi- 
sion should be made to provide adequate therapeutic anticoagulant effect 
at this time. 
Patients under active treatment with anticoagulants: 
Within recommended dosages, THROMBOLYSIN produces only minor 
alterations in the clotting mechanism: the prothrombin time is generally 
increased by only a few seconds, the Lee-White clotting time by only | to 4 
minutes, and the fibrinogen levels generally decrease by about 30 percent of 
control values. In themselves, these alterations are probably of no clinical 
significance. In patients on concurrent anticoagulant therapy in whom 
the clotting mechanism is depressed to midtherapeutic levels, the small 
additional depression due to THROMBOLYsIN should produce no added 
danger; however, the addition of THROMBOLYSIN may be hazardous when 
the therapeutic anticoagulant level already threatens to exceed safe limits. 


W hat Other Precautions are Necessary? 

THROMBOLYSIN is contraindicated in the presence of a hemorrhagic diathesis or hypo- 
fibrinogenemia. Fibrinolytic activity usually increases spontaneously for a short 
period after anesthesia or surgery. Therefore, THROMBOLYsIN should be used with 
caution because lysis of the clots at the operative site may occur. 

Bleeding from open wounds or recent operative sites can occur during 
therapy. Usually this has been observed only in patients receiving both an anti- 
coagulant and THRoMBOLYsIN. In such cases, the bleeding was controlled by the use 
of plasma or whole blood transfusions. A specific antagonist to the anticoagulant 
may also be used. 

WV hat Side Effects May Occur? 

Febrile reactions may occur, but these are rarely severe. When they do occur, the 
temperature usually rises rapidly to a peak, then returns to normal within 24 hours. 
In some patients, a rise in temperature above 1.5 to 2 degrees F. is accompanied by 
chills, nausea, vomiting, dizziness, headache, muscle pain, back pain, tachycardia, 
or hypotension. 

How is it Supplied? 100-cc. vials containing 50,000 MSD units. 


FIBRINOLYSIN, HUMAN 


to lyse thrombi 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc, WEST POINT, PA. 


THROMBOLYSIN IS A TRADEMARK OF MERCK & CO., INC. 
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Cardiovascular patients 
respond in a few days. 
Thanks to your prompt 
treatment and the smooth 
action of Deprol, his de- 
pression is relieved and his 
anxiety calmed — often in 
two or three days. He eats 
well, sleeps well and his de- 
pression no longer compli- 
cates your basic regimen. 


Lifts depression...as calms anxiety! 


For cardiovascular patients—a smooth, balanced action that 


lifts depression as it calms anxiety...rapidly and safely 


Balances the mood—no “seesaw” effect of 
amphetamine-barbiturates and ener- 
gizers. While amphetamines and energizers 
may stimulate the patient — they often 
aggravate anxiety and tension. And 
although amphetamine-barbiturate combi- 
nations may counteract excessive stimula- 
tion — they often deepen depression. 


In contrast to such “seesaw” effects, Deprol 
lifts depression as it calms anxiety — both 
at the same time. 


Dosage: Usual starting dose is 1 tablet q.i.d. When necessary, 


this may be gradually increased up to 3 tablets q.i.d. 


Acts swiftly—the patient often feels better, 
sleeps better, within two or three days. 
Unlike most other antidepressant drugs, 
Deprol relieves the patient quickly — often 
within two or three days. 


Acts safely — no danger of hypotension. 
Deprol does not cause hypotension, tachy- 
cardia, jitteriness, or liver toxicity. It can 
be safely administered with basic cardio- 
vascular therapy. 


“Deprol* 


Composition: 1 mg. 2-diethylaminoethyl] benzilate hydrochloride 


(benactyzine HCl) and 400 mg. meprobamate. 


Supplied: Bottles of 50 light-pink, scored tablets. Write for 


literature and samples. 


WALLACE LABORATORIES 
Cran>ury, N. J. 
Co-763 
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PUBLISHER’S INFORMATION PAGE 


The Editors and Publishers of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 


articles on new findings in cardiology. As is customary in professional publications, state- 


ments in articles are the responsibility of the authors; articles must be contributed solely 


to THE AMERICAN JOURNAL OF CARDIOLOGY; material is copyrighted and may not be re- 


produced without permission of the publishers. 


Preparation of Manuscripts 

Authors are requested to follow these instructions 
carefully in preparing manuscripts: Please double 
space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
~ the original with one carbon copy to the editor; 
include staff position and connection; list biblio- 
graphic references in chronological order as referred 
to in text at the end of the article (not in footnotes). 
Please make certain each reference contains the 
name of author with initials; title of article; name 
of periodical, with volume, page and year. For 
example: Smith, J.S. Treatment of cardiac failure. 


Am. J. Card., 3:274, 1959. 


Preparation of Illustrations 

So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
not reproduce well). Reference to all illustrations 
should be inserted in the text in consecutive order. 
Please follow these identification instructions: 
Write the figure number and the author’s name on 


the back of each illustration and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 
to the pictures. 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 


ers for excess illustrations and tables. 


Reviews, Abstracts 

Books for review may be sent directly to the Editor, 
Simon Dack, M.p., The American Journal of 
Cardiology, 11 E. 36th St., New York 16. 


Permission to abstract must be obtained from the 
publisher. Only paid circulation journals will be 


permitted to abstract. 


Reprints 

Orders for reprints of articles should be sent directly 
to the Publisher, The 
Cardiology, 11 East 36th Street, New York 16, N. Y. 
Prices are quoted after articles are published. 


American Journal of 


The American Journal of Cardiology 
11 East 36th Street, New York 16, New York 
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safe and practical treatment 
of the postcoronary patient 


A basic characteristic of the postcoronary patient, 
whether or not cholesterol levels are elevated, is his 
inability to clear fat from his blood stream as rapidly 
as the normal subject.'3 Figure #] graphically illus- 
trates this difference in fat-clearing time by compar- 
ing atherosclerotic and normal subjects after a fat 
meal.3 


“Slow clearers” gradually accumulate an excess of 
fat in the blood stream over a period of years as 
each meal adds an additional burden to an already 
fat-laden serum. As shown in figure #2, the blood 
literally becomes saturated with large fat particles, 
presenting a dual hazard to the atherosclerotic 
patient: the long-term danger of deposition of these 
fats on the vessel walls, and the more immediate 
risk of high blood fat levels after a particularly 
heavy meal possibly precipitating acute coronary 
embarrassment.5 


In figure #3, the test tube at the left contains lipemic 
serum, while the one at the right contains clear, or 
normal serum. If serum examined after a 12-hour 


fasting period presents a milky appearance, this is - 


a strong indication that the patient clears fat slowly 
and is a candidate for antilipemic therapy in an 
effort to check a potentially serious situation. 


‘Clarin’, which is heparin in the form of a sublingual 
tablet, has been demonstrated to clear lipemic 
serum.?-67 Furthermore, a two-year study using 
matched controls resulted in a statistically significant 
reduction of recurrent myocardial infarction in 130 
patients treated with ‘Clarin’.® 


‘Clarin’ therapy is simple and safe, requiring no clot- 
ting-time or prothrombin determinations. Complete 
literature is available to eee upon request. 


References: 1. Anfinsen, B.: sium on Atherosclerosis, 
National Academy of esearch Council Publication 
338, 1955, p. 218. 2. Berkowitz, jp Likoff, W., and Spitzer, J. J.: 
Clin. Res. 7:225 (Apr.) 1959. 3. Stutman, = Pt. oe George, M.: 

Clin. Res. 7:225 (Apr.) 1959. 4. hs lt : Annals of Int. 
Med. 45:674 (Oct.) 1956. 5. . T., and 
J.A.M.A. 163: a (March 2) 1957. 6. Fuller, H. L.: Angiology 9:311 

(Oct.) 1958. 7. Shaftel, H. E., and. Selman, D.: ‘Angiology J0:131 
(June) 1959. H. L.: Circulation 20:699 (Oct. 1959. 


Clarin 


(sublingual heparin potassium, Leeming) 


26 Fig. 1 


Fat clearmg time .n hours 
~ 


Atherosclerotic Subject 


Indication: For the management of 
hyperlipemia associated with atheroscle- 
rosis, especially in the postcoronary 
patient. 


Dosage: After each meal, hold one tablet 
under the tongue until dissolved. 


Supplied: ‘Clarin’ is supplied in bottles 
of 50 pink, sublingual tablets, each con- 
taining 1500 I.U. of heparin potassium. 
*Registered trade mark. Patent applied for. 


New York 17, N. Y. 
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alseroxylon, 2 mg. 


at bedtime 


Seven years of experience show 
that RAUWILOID also affords 


SAfeTY based on negligible incidence 
of side actions 


Freedom from concern over sudden 
hypotensive episodes or unwanted 
biochemical alterations | 


Practical lity..simplicity of dosage 
-. applicable to a wide range of patients 


When more potent drugs are needed, prescribe 
one of the convenient single-tablet combinations 


Rauwiloid® + Veriloid® 
aleeroxyion 1 mg. and alkavervir 3 mg. 


Rauwiloid® + Hexamethonium 
alseroxyion 1 mg. and hexamethonium 


chioride dihydrate 250 mg. 


Many patients with severe hypertension can be main- 
tained on Rauwiloid alone after desired blood pres- 
 gurelevels are reached with combination medication. 
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